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THE 
Mathematician's Guide. _ 


Being a PLAIN and EASIE 


INTRODUCTION 


TG r | 
8. 


Mathematick 
auen Five PA RTS. A 


V I &. 


I. Irithmetick, Vulgar and Decimal, in all its uſeful Rules; 
With a General Method of Extracting the Roots of all Single 


Powers. 


II. Algebza, or Arithmetick in Species; wherein the Method of 

Raiſing and Reſolving Equations is rendred Eaſie; and Illu- 
ſtrated with Variety of Examples, and Numerical Queſtions. 
Alſo the whole Buſineſs of Intereſt and Annuities, Cc. fully and 


plainly handled ;, with ſeveral New Improvements, 


III. The Elements of Geometry, Contracted, and 8 
ing the 


Demonſtrated : With a New and Eaſie Method of f 
Circles, Periphery and Area to any aflign'd Exactneſs, by one 
Aquation only: Alſo a New Way of making Sines and Tangents, 


IV. Conick-Sexions, wherein the Chief Properties, Ga, of the 


Ellipſis, Parabola, and Hyperbola, are clearly Demonſtrated, 


V. The Irithmetick of Infinites Explained, and rendred Eaſie; 
with its Application to Superficial and Solid Geometry. | 


With an 
AyPpENDIx of Pꝛatti 


Gauging, 


By JOHN WARD! Ptwlomath. 


Heretofore Chief Surveyor and Gauger-General in the Exciſe. 


LONDON: 
Printed for A. Betteſworth at the Red-Lyun on London-Bridge, and 
are to be {old by Ja. Woodward in St. Chriſtopher's Church-Yard, 


near the Royal-Exchange, MDCC IX. 


„ — + — a er PT oo — — 


tt. 


= 
o 
1 
* 
. 
o 
20 
. * 
„„ © 
* 


— — — 


— 4 


1 


f Io the: Honourable 
S. Joun WENTwWORTH of 
North Elws Hall m the Ve 
Ne.ding of Yorkſhire, Baronet. 


- 75 8 I R, 1 


7 IS now many Tears, ſince T firſt 
laid a Scheme of ſuch a familiar 
Introduction - the „ as would 
Encourage the younger Students to proceed 
ab E and Chearfulne in that Lond of 
Learning. But the * had heen ren- 
dered Abortive, had not your Approbation 
(when you took the Trouble to peruſe 
the Mauuſcript) given me Courage to pur 
ſue it; yo whatſoever is foumd worth the 
taking Notice of in this Treatiſe, is wholly 
owing to you ; And therefore, as you have ſo 
far Influenced this Undertaking, I here beg 
Leave it may be preſented to the World un- 
der your Protection. | 

ere, Sir I might 7755 in your Praiſes, 

10 


2 3 


and ſay a great deal of my own Knowledge, 
both as to your own Induſtry and Acquirments, 
A 2 2 = 


—— 


i, - 
——— — 


"The. Dedication. 


05 a alſo * Encour ement you give to — 
al kinds of uſeful Learn- 


-s "FM ut of 

"© Tam 4 ſenfible how. L i 5 
" SY be to you, ſhould. I proceed in that 
Strain, (fo. uſual in Dedications) and 
therefore will nat preſume to offend your Een 
with mentioning Particulars : Nor need I 
do it, your Generoſ ty and Natural Inclina- 
tions of doing Good to every one, being ſo well 
known to all that know you. 

Only, Sir, permit me to aſſure you, that 1 
am mfuntely Pleas'd with the Opportunity 
of making this publick Acknowledgment, Z 

s Obligations which you have been 


to confer upon, 
SIR, 


Tour Honour's moſt Humble, 
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XJ Hoever Publiſhes any Book, ſeems oblig'd by 
VV Cuſtom to write a Preface to it; wherein it's 
expected that he ſhould ſhew the Uſefulneſs of the Sub- 
jet he Writes upon 3 And the Motives which induc'd 
him to write upon that Subjec. 7 FRE 
Jo the Firſt, * I preſume it needleſs to ſay any thing; 
vis, of the Uſefulneſs and Advantages that accrues to 
Mankind from Mathematical Learning in general; And 
& eſpecially from thoſe two Excellent Science: Axithmetick, 
and Geometry; there being no Bene, Employment, or 
: Trade whatſoever, that can be well manag'd without 
ſome Knowledge of the Fr; Nor any Curiow Mechanick 
Arts eit her Invented, or Improved without the Aſſiſtance 
of- the Latter. And therefore tis no Wonder, that in 
all Ages ſo many Igenioms and Learned Perſons have em- 
ployed part of their time in compiling large Volumes 
upon thoſe Subjects. But many of thoſe Authors ſeem 
to pre- ſuppoſe or take it for granted; That their Reader 
hath made ſome Progreſs in that fort of Learning, before 
he attempt to peruſe their Works: And not only thar, 
but very few have Treated upon more than one or two | 
Sciences in any ſmall Yolume. | 


* 


It was theſe Conſiderations that put me (many 
Years ago) upon compoſing the enſuing Treatiſe, purely 
for the Uſe and Benefit of ſuch as are wholly Ignorant 
of the very firſt Rudiments (Or bave not the leaſt Noti- 
on) of Mathematicks: And therefore ve begun at 
the very Foundation or firſt Principles, viz. with an 
Unit in Arithmerick, and a Point in Geometry; And from 
thoſe I proceed gradually, Leading, as it were, the 
young Learner, ſtep by ſtep, with all poſſible Plainneſs, 
till he arrives at ſuch things as will ( with a little Appli- 
cation) either Qualify him for Buſineſs; or fit and pre- 

Co OR nr ene bo 


4 


. #ſcapd unſeen, are placed at the End 


The PREFACE. 
pare him for higher Speculations, without the Trouble 
and Charge of other Books. | 

The Title Page hath givens ſhort Account of the ſe- 
veral Parts Treated of, which 1 ſhall not Inlarge 
but leave the Book to ſpeak for it ſelf; and if it be not 
able to give Satisfaction to the Reader, I am ſure all I 
can ſay here in its behalf, will never Recommend it: 
But this I may (without Vanity) preſume to ſay, that 
8 COW it over, ks ** more ay than the 
Title doth promiſe, or perhaps he expects. Tis true in- 
deed, the Dreſs is but Plain and Homely, it being wholly 
intended to Inſtruct, and not to amuſe or Puzzle the 
young Learner with hard Words; nor is it my Ambi- 
tious Deſire of being thought more Learned or Knowing 
than really I am, by writing in fuch obſcure Terms 
as a Late Author has done; However in this 1 ſhall al- | 
ways have the Satisfaction, That Pve ſincerely Aim'd at 


what is Uſeful, altho in one of the meaneſt Ways; 'Tis 


Honour enough for me to be: accounted as one of the 
under Labourers in Clearing the Ground a little, aud 
Removing ſome of the Rubbiſh that lies in the Way to 
Knowledge. How well I have performed that, muſt be 
left to proper judge. : SH 
To be brief; As I am not ſenſible of any Fundamen- 
tal Error in this Treatiſe ; ſo I will not pretend to ſay 
it is without Imperfections, (Humanum ft errare) which 
I hope the Reader will excuſe and paſs over, with the 
like Candor and Good Will that it was compoſed for 
his Uſe ; By his hearty well Wiſher | 


wee J. War. 


dS Note, For want of Roow here, thee few Errors that 
of the Book, 
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pes gui; Concerning the proper SubjeAt, oe Bun 
Chap. 


of Mathematicks, &c. 
I. Concerning the ſeveral Parts of Avithnetich, and of 

U. ſuch Haie che as are uſed in this Treatiſe, 

Cha Concerning the Principal Rules in Arithmet 

1 Dae Nb, 
Cha Addition, action, eduBion of 
* Numbers that are of different * 31 

Chap. IV. Of Vulgar Factions, in all their various Rules, 
Chap. V. Of Decimal Fradtien- or Parts, with all 2 uſt 

1 Wules, and Contrattiant, &cc. r 

Chap, VI: Of Continued. Proportion, both Arithmetical and Gor 
metrical ; And how to vary the Order of Things. 72 
Chap, VII. Of Diguns Nr or the Golden Rule, both 
Direct, Reciprocal or Inverſe, and Compound. 85 


Chap. VIII. The © Rae of Fellowſhip, Bartering, and Exchanging 
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Chap. X. Concerning the Specifick Gravities of Metals, &c. 117 
Chap, XI. Evolution e or'Extracting the Roots of all Single Powers, 

how High ſorter thay ans, by one General Mevhed. 123 


ec e Algebas, Part I, | 
Chap. L The Method of Noting down Quantitics, and Tracing of 
the Steps uſed in bei them to an ation. 143 

Chap. II. The Six Princi 2 Rules of Algebraick Arithmetick, in 
whole Quantit . | e. 147 

Chap, III. Of Algebraick Fraktion, or Broken Quantities. 163 
Chap. IV. Of Surds, or Irrational Quantities. | 171 
Chap. V. Concerning the 9 cha of 3 and how to pre- 
pare them fora 175 

Ln VI. Of Proportional 15751 x aq Arithmetical and 
Geometrical Cetin 0 of e n 
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VII. Of Proportional Quantities Dizjun#, both Simple 
Char. IT and Trzpficate; And how to turn Eqs | 
tions into Analogies, &c, 
Is VOL Of . y = A WAY TS 
tions. \ | 
| emplified by Fourry Numerical EE PR 202 

Chap. Xx. de of all Vnd of Adfetted Equations in 

Chap. XI. Of Simple n 06; nmr in ol their raions 


Cales. 


| 1 — Intereſt, Por” Annuities both forte, | 
Chap. and Lives ; ; And of Purchaſing Free- hold Rares. 253 7 


3 . * Geometry. Part III. I nh 

Chap. I. Of Geometrical Definitiont, and Axim, &c. 277 

a Chap. II. The Firſt Rudiments or THY Problems in Geo- 

metry 236 

Chap: III. A ColleBion of rhe moſt uſeful Theorems in Plain 

| Geometry, Analytically Demonſtrated, '- 224 

Chops IV. The. Algebraical Solution of Twenty Eafie Problems 1 in. 
Plain Geometry ; which dos I the V/e of 

14 314 


; the Laſt Theorems.” | 
Chip. v. Pratt ical Problems Ve Rules, for finding the Area's 


Right-lin'd Superficies Demonſtrated, 332 
| Chap. VI. A New and Eafie Method of finding the Cirele's Peri- 

3 phery, and Area, to any aſſigned Exatineſs ; by the 
Solution of One Equation only, Allo a New Way 
of making Natural Sines and Tangents d ns. 341 


 Conick-fgections. Fart IV. 


Chap. I. Definition of à Cone, and all its Sections, Kc. | 255 
Chap. II. Concerning the Chief Properties of the Ellipfis, &c. 361 
Chap. III. Concerning rhe Chief Properties of the Parabola. 374 


Chap. TV. "Concerning the Chief Fraperties of the Hyperbola, 380 
it Arithmetick of "Anfinites, Trey, © 


The arimerick of Infinites Explain'd, and tendered Ege; 
with its Application to Geometry, in Demonſtrati 

St the Superficial,..and Solid Content, of Circular, an 

Elliptical Figures, &c. 5 391 


85 pon An Appendix  Paactical-Gaugin 8. 


Wherein at the Chief Rule? And able: T in 6 
a, ate Applied to Practice, "ok Fa e 
AN 
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HE Eg of. Paihemaicks in alli its ares both 
Theory and Practice, is only to:ſearch aut and de- 
b the trac Quantity either of Matter, Space, 
or Motion; according as accaſion requires. 


* 


| my Matter where meant the Magni or bie- 
. of , # Length, Breadth and Thick 
neſs, may eit —— A 


By Quantity: of 5 meant the diſtance of one thing 


om another. 


And by Quantity of Motion 5 12 meant the ſwifeneſs ef uny 


* NR , cr from ane : 
ation of. t 2 4 ey may be phe pro ſed, 
bt the 80 bubjefiouf the Mathematics, bt but that of 
atter. zn * 
cor” the confuderation Matter, with reſi elt to its Quan- 
Form and Poſition, of which may eicher * din Ac- 
1 6 r will admit of infivite ¶arieties; But 
all the — are yet 2 or poſſthle to ＋ 
wholly. compriſed under the due Con 7 of 
| —_ and Number, which. 42 E. 
8 lere Geometry, Arithmetick and A Ken. ot 
Parts of the Mathematicks being only the. Branches of theſe 
free Sciences, or rather * Application to particular Caſes, 


Geometry 


1 2 „ „ „ „ 


— 4 


thn dh 


6 


we Præcognita. 


Geometry 1s a Science by which we ſearch out and come to 
know, either the whole Magnitude, or ſome part of any pro- 
poſed Quantity: and is to be obtained by comparing it with 
another known Quantity * 

or 


e Yu ways be 
ength on) A futface,(thar is 
Length aud Breadth) of A Solid Sf Length, 


one-of theſe, viʒz. Aline 


Breadth and Depth, or Thickneſs) Nature admitting of no 
other Dimenſions but theſe three, 25 
Arichmetick 4 Science by which we tome to 7 7 what 


Number ef Quantitiegthepe gre: (eitherreul g of 
ay Eee 2: N 1 1 Þ £ 
ow this Conſideration is very different from that of GEometr* 
which is only to find out true and proper Anſwers to all ſuch 
Queſtions as demand, how Long, how Broad, how Big, &c. 
Bit when we are to conſider gither of more Quantities than one, 
or how often one Quantity is contained in another, then we have 
recourſe to Arithmetick, which is to ind ont true and proper 
Anſwers to all ſuch 8 as demand how many, what 


Number, or Multit LAS en are. To be brief, 
the Subject of Geometry is that of Quantity, with reſpect to 
ita Magnitude only ; and the Subject of Arithmetick js Quan- 
rities with reſpett te their Number n. 
Alge bꝛa 1 4 Science by which the maſt ahſtruſt or difcult 
Problems either in Arithmetick or Geometry are Neſolvq and 
Demonſtrated, that 15, it equally 1urerferes with them bor h; 
and therefore its promiſcuonſly named, ' bebfig ſometime called 
Specious Arithmetick, 45' by Harriot, Vieta and Doctor 
Wallis, &c. And ſometimes its called Modern Geometry, il * 
particularly the Ingenious Captain Halley: giving this following il © 
Hrftance of the Excellence of our Modern Algebra Writes thus, Wl * 
be Excellence of the Modern Geometry! (air h be) 1 in t 
* nothing more evident, than in thoſe fall aud\Adequate. Solit: * 
tions it gives to Problems: Nepreſencing all the palble Wl © 
© Caſes at ane viem, aud in one General Theorem mam) times 
© comprehending whole Sciences; which deduced at _— into th 
7 r and de manſtrated after the manner of the An- 
* cients, might well become the Subjelts of large Treatiſes: il 
For whatſoever Theorem:/olves the mgfteomplicated Problem ¶ vi 
_© of the kind, does with a due Reductian reach all the. Subordi: MM - 
nate Caſes. | Of which he gives a notable Iiſtunce in the Do- 
ctrine f Dioptrieks for finding the koet af Optick Glaſſts WM 5 
kniverſelly-CvidPhilolophncal Tranſacions:: Namb,:205.) 11 
Typus you have-afhort and general Account of the proper Sub 
jens of thoſe three Noble and Vſeful Sciences, Arithnerich 
C4 TED If | 4 | | eg: 


—— —œ — — — — — — 
Chap; 1 — Of Charanters, 3 
Geometry ad Algebra. I Hall nom. proceed to gibt a parti- 
ular account of. each, and firſt of Arithmetick, which is the 
Baſic or Foundation of al! Arts, both Mathematick and Me- 
chanick: ; ud therefore ought to be well underſtood before the 
reſt are medled mit hall. 33 
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Concerning the wwveral Parts of Arichmeriek, with the Defini. 
tion of ſuch Chardfers as are uſed in this Treatiſe. a 


»A, Rithmetick, or the Art of Numbring, is fitly divided 
into three diſtinct Parts, two of which are properly 
called Natural, and the third Artiſicil. 
The firſt being the moſt plain and eaſieſt, is commonly 
called Vulgar Arithmetick in whole Numbers; becauſe every 
Unit or Integer concerned in it, e one whole Quan. 
tity of ſome Species or thing propoſed. | 

The ſecond is that which ſappoſes an Unit (and conſe: 
quently the Quantity or thing repreſented by that Unit) to 
be Broken or Divided into equal Parts (either even, or un- 
even) and conſiders of them either as pure Part, viz. Each 
leſs than an Unit, or elſe of Parts and Integers intermixt: 
And is uſually called the Doctrin of Vulgar Frattions. 

The Third, or Artificial Part, is called Decimal Arith* 
aetick ;, being an Artificial Invention of managing Fraction 
or Broken Numbers, by a much more commodious and eaſic 
Way than that of N. ulgar Fraftions : For the ſeyeral Opera- 
tions performed in Decimals,. differ but little from thoſe in 
Whole Numbers; aud therefore it is now become of general 
uſe, eſpecially in Geometrical Computations. 

ehmetick in all its Parts) is performed by the various 
ordering and diſpoſing of Ten Arabick Characters or Nume- 
ral Figures (Which by ſome are called Digits.) | 


1 


ug Ove Tivo Three Four Froe Six Seven Eight Nine Gopher: 
A e Span qt ee os Ag 4 

The uſe k theſe Characters is ſaid to be firſt introdficed 
into near fix hundred Years age, Viz. about the Tear 


1130. vide Doctor Wallis's Algebra, Page 12. 
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I be firſt of theſe Characters called Unity, and repreſents | 
one of any kind of Speczes or Quantity. © As one World, one 


Star, one Mar, &. "7 

_ Viz. Unity is that by which every thing that is, is called 
one (Euclid 7. Def. 1.) and is the beginning of all Nambers. 
Thar is to ſay, Number is a Multitude of Units, Euclid 7. 


Def. 2. — * — — —U— —— — —̃ 2 
For, one mere one, makes two; and one more one more 


one makes three, &c, Which . firt and chief Poſtulate, 
or rather Axiom to Arithmetick. . 


Viz. That 1-1 z. 1þ1p1=3. 1 II 14. 


and ſo on. 


Nine of theſe Figures were thus compoſed of Lira, and 
differently form'd to repreſent fo mauy Units put 3 
into one Sum, as was intended each ſhould denote? Nin 
being the greateſt Number of Unit, that wasthenithought 
convenient to be expreſſed by one ſingle Character; the 
of the Ten is only a Cypher, or (as ſome phraſe it) a nothing, 
becauſe of it ſelf it ſignifies nothing; - for if never {ſo many 
Ephers be added to, or Subftratted from, any Number, they 
2 arbor nor yrs ond. 3 75 but * 
Jypher (or Cyphers,) may the other Figures w 
come diene Values from what they were before, 2 
will appear further on. 2 f 
For the more convenient ordering of the aforeſaid Nume- 
ral Figures, according to the ſeveral Varieties that happen 
in Computations ;, 1 do adviſe the young Learner to acquaint 
himſelf with the Signification of the following aick 
Signs or Characters, which he will find. of excellent uſe, as 
being a much ſhorter, better and more. fighificant way of 
denoting what is to be done (in moſt Operations) than can 
otherwile be expreſſed in words at length. ale 
6 9 Significations. +? Y 73 Dag 115 


yy ©» F 
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Signs Names. The sign of Addition; 8 8. J) is B more = 


117. and ſignifies that the Numbers. Napd 7 

© pia or | ATE to be added into one Sum. _ The lite i 
—5 1nore. to be underſtood when ſeveral Numberi are 
c | connected together with the Siga . 

OSS As za -E az A- -, — thek 


The 


l 


Ari 


Late all to be added im one S. St at 
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O41 1 12 itte — The Si n of Bivie * 1 5 is g "+ © 

7 PF: and ſiguifies that 8 isto be divided by N 

* y. ſo thus 2) 8 (4. or thus; each ſignifying 
the ſame thing, to wit, 8 divided by 2, 


The Sign of Equality or Equation, viz. 
I whenever the Sign = is placed betwixt 
| Numbers (or Quantities) it denotes them 
—} f Eqtel. 4 to be equal, 25.9=9, or 9-+-6=15, or 
| 9—6=3, Cc. That is 9 is equal to g, org 
| more 6, is equal to 15, and 9 lels 6, is equal 
Lto3, Cc. 


. Ehe Sign of Proportion, or that common- 
| Aly called the Golden Rule, or Rule of Three, 
. 18%, Sand : : is always pas betwixt the two 
; 32 "7 middle Terms or Numbers in proportion. 
'- FThus2:8:: 62 To be read thus 

; SAs2, Is to8, Sois6, Io 24. 
Theſe Saus and their Significations, being perfectly 
earnt, will help to ſhorten the Work. wy 2 
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il PR 
Porcerning the Principal Rules iy Arithmetick, and how they 
6 ereprejerned iniViele Numbers. 3% 3; e3ogtt 


HE Rates by which Numerical Operations are per- 
| form'd in all the Parts of Axithmetict, are many and 
KErious, ſeveral of chem being form'd and raiſed as occaſion 
0G: quires, when applied to 'Prattice, yet they are all com- 
chended within the due Conſideration of theſe Six, wiz 
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umermtian (or. Notation) Apdition, (Suh Traction, Pul- 
22 lion and Evolution or Extraction o 4 


* Numeratfon or Notation, Teacheth to Read or Expreſs 
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Nr | ern 7 1 * 
5% Sect. I. Of Numerition, 5 Notation. 


- 
” 


e value of any Numer when Writ, dewng!.andconſe- 
quently to write down any propoſed Number according to 


uy true value hen it is named And this conſiſteth of two | 
Arts 33 ih ; I dt ati . 80 3 1 
— 8 "The due order of placing down Figures. | 
2. The. true valuing of each Figure in its place, 
Both which are plainly exhibited in the following Table. | 
A p * A . i 48 os 


* 


By this Numeration Table it's apparent that the order of 
Places is reckened from the right Hand towards the left; 
the firſt place of any Number being always that which is 
the outmoſt Figure to the right Hand ; and Whatever Figure 
ſtands in that place doth only ſignifie its own ſimple value, 
via. So many Units as that Hgrre repreſentte. 
The ſecond place is that of Tens, any Figure ſtanding,i 
— 4 place: ſiguifieth o many Tens as that FHigure 1115 ent 
, nts, 


4 


22 eee ee. te a ns. EE. EE TCO 


7 


Ten times the value of the nextit towatds the Right. 


pl 


. Fi 
of Hundreds, ad: 


_— as are placeit to- 
8 without any Point, Comma, Li 


read as ſuch. 


For n 763 596 is but one intire Sum or Number, 
notwithſtandi 


ing it conliſts of fix _ of Figures, and is 


Six 


n ” 4 
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8 
Sx Hundred Seventy Eight 7 Aliens, WW. 
bj N 2 72 e. r 


2 He y. One Oo Unis, f 2 Tv 5 
1 . tſoe ver. 0 * P | 
bete. it may be obſerved, that every third Figure 
EN the place of Units, bears the name of Hundreds; 

that if any great Sum be parted, or rather di- 4 
Leg eh 4 of three F u. in each Period (ass 
1 uſe to bar 


ED Table) 25 will be o 9 
0 Paſt » volt, .me, | J 
The wer Number - 12 be increaſed or adds more 4 
1.0 _ putring another 9 be inered =_” . 5 
" Andicion 5 is that Rule 


locted and put together, 
may be known. 10 


which ſeveral Numbers 8 | 
at ſo their Sum or Total amount 4 
In this I two thi 


hings bei being carefully obſerved, the 
Work will be eaſily 


1. The firſt is che teu lacing of the Numbers, ſo as that 
each ure may irealy underneath thoſe. Figures 
of the ſame . VIZ. 2 Units under Units, I. ens under 
Tiers, and Hundreds under Hundreds, &c. 

Then underneath the loweſt Rank (always) draw. a Line 
to 2 the given ane from their Sum when it's 


ay Ex If theſe Nuaburs 327, and 6251 were iven 
ee they m be placed, , giv 


Thus J 5927 
2 The ſecond ching en is the due Colle ging 5 $ 
r Adding her Goh Row of Figures that ſtand ovei 


ne ocker the ſame value; and that is thus performed. 
2. Always begin your Addition at the plage of Uni 
regerbbr all the Figures that Hand in t hui place, an 
72 T 2805 be ander Ten, ſet it down below the Line 2 den 
nde own place; but if their dum be more thay Ten, 
muſs ſet 52 e overplas, or odd Figure above the Ws 
{or Tens) and ſo many Tens as ; the Sum of thoſe Units amount 
{0 


"Chaps * — en. e - 2 


van muſt carry to the place of 0 £ Toe: Aid "5 thee and. 
«ll, the Figures that fland in the place of Tens toget ub iu the 
Jame manner as thoſe of the Units were Added; then proceed 
in the ſame order to.the place of Hundreds, and ſo on to each 
| place until all is done. 

The San arifing from thoſe Additiqns ill he the Total 
3 Amount required, 


SS . 


Ka A | by 


Let it be required to find the of the Sn Number 
| A Viz. 3 3 Bar | | 
: 255 5 th Sim nina, N 
p Beginning at the place of Units, Lay, 1 and 7 i is B, 
which being lefs that 10, I ſet it down Recording to the 
Rule) underneath its own place of Units; and then pro- 
ceed to the place of Tens, ſaying.3 and 2 is 7, which being 
leſs than 10, I ſet it down underneath-its on 4 of Tens 
and proceed-to do the like at the place of Hundreds, an 
then at eee ſetting each of their Sams underneath 
their owu reſpective places: Laſtly, becauſe there is not — 
Figure in the lower Rank to be ade de 72 5, W | 
ands in the place of Te Thou. in t be uppet [ —. 
fore bring don the ſaid 5 tothe reſt; placing it underneath 
its own place, and then I find that ror =56978, 


the true Sum required. 


NES Example 25 
2 5 it e to find the b of theſe . 
berg, 3878 74 -+1844-9 e being placed, 
defore ASI wil 11 Rand 1 in 5 Margin. Then bes 
ing (as before} at the place of 22 ay 5 and 4 is 175 
d, and 2 is 11, and 6 is 17, and Ader Gown the 
$ Units und rneath their own of Units 

ring arry the 20, or two Tens to 35 place of Tons (4 0 18. 
overl&v hich place thay s are only 2) Fans; 2 and 9 is a 95 
2d. r, and 8 is 19, and 9 is 32, and 7 is 39, os 
nnsW-t down the 9 n its on place of Tens, J095 
and carry the zo, or three Tens which indeed Joo) 72 
der he parent Ae » at Which place They g's oye 3; ay 

| * carry and 1 is is 14, and 13, and 5 is 
12 en 2 here becauſe . * 45 tus (as before) I 
ener down a uber 9 che place of Hundreas, an 


412 8 ED Kerr 


= 


. 5 
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carry the 2 Tens (or rather the'2000) to the place of Thow- 
ſands, Aying (as before) 2 L carry and 3 is 5, which _— 
the laſt, I ſet it down underneath its. own place, anc 
"all is — And fin& ar Sum or Total amount to be 
6 3846 -＋ 742+194-+95, URL] 
3 Tins e bo” well l it will be ſuffici- 
ent to ſhe the uſual Method of Addition in whole Nn. 
bers ;, but to make all plain and clear, I ſhall ſhew the þ ages. 
Learner the reaſon of carrying the Tens from one ree 
r Row of Figures, -. to the next - Superior Degree, which | 
is done purely to ſave Trouble, and prevent the uſing of 
more Figures than are really neceſſary, as will appear by i 
the following Method of adding together the ſame Num- 
gers of the | VW Bs 1 


A N X 
Thus, Add together each ſingle 


= 


! 


Row of Figures by it ſelf; as if there : 6 
were no more but that one Row, 54:3 
ſetting down the Sum underneath 8.4 
I)he Sam of the Row of Unite, is; 275 | 
| The Sum of the Row of Tens, is: :3:7:0 Add 
$4 The Sum of the Row of Hund. is :1:7:0:0 
1 The three Thouſard brought down 3:0 2 - 
The Sun or Tod amount as:before, is 5 c 5 3 
| : : 88 - a | | 
From hence I preſume it will be eaſie to conceive the 


Al [ true reaſon of carrying the foreſaid Tens; and alſo that 
Ne, do not augment or increaſe the Sum in Addition. 
See | | N 94 


Pa ow” þ) TE ky 5 C 1 

I might Five here inſerted a Lineal Demonſtration of this 
Rule of Addition; but I thought it would rather puzzle than 
improyea young Learner, eſpecially in this place; * beſides 
the reaſon of it is ſufficiently evident from that Natural 
Truth of the whole being equal to all its parts taken together. 
Enn / 00 ITE 
+» That is, the Nambers which are propoſed to be added to- 
gether are by that Axiom underſteod to be the ſeveral 
parts, and their Sz or Total amount found by Addition, is WW 
nncderftood to be the Whole 
And from thence is deduced the Method ef proving MC 
| the truth of any Operation in Addition, viz. By parting WW" 
| or leparating the given Numbers into two Parcels (or 
3 more according to the largeneſs of it) aud then 2 
88 PF | ing 


C hap: 2. Of @ubſtracti | os — — 


— — 1 L 
ding up each Parcel by it ſelf : For if thoſe Particüfar Sar 
ſo found, be Added into one Sum, and that ths 2 nal 


1 "x, Car, PUG be taken to diſcover and correct the 
rro 21. 2 3 « A $x *# | ; IV 
rens | d 

| 5 7 f e : 8 % 2 

9 [ 3289 The Sum of theſe Parts is, 12952 
i 


| 2900 4 N ? 3 8 s * : 
| * 1 500 ' The Sum of theſe, is \ 9513. 
N 4 ic Fhe Ne 


o 


1 theſe Parr of? 22465 cel put together; | 


Sect. 3. Of Dubltracion, ... | .. - 
Paſtulate or Petition, - | 


That amy Kuͤmber may be diminibed, or made leſs by taking 
8 anot her Number from it. . jp ty ; Ad 
75 Subffraction is that Rule by which one Number is De- 
ducted or taken out of another, that fo the Remainder, Dif- 
a ference, or Exceſs may be known. 
i As 6 taken outot g, gners Remains 3. This E is alſo the 
Difference betwixt 6 and g, or it is the Exceſs of gabovet 
Therefore the Number (or Sum) out of which Sub#tratts-" 
the er is required to be made, muſt be greater than (or at teaſt 
hat equal to) the Subſtrabend or Number to be Sulſtractedd. 
jon. Note, This Rule is the Converſe or direct contrary to Addi. 
on. | ben E : 2 . N 2 722401 5 85 
this - And here the ſame caution that was given in Addition; 
han of placing Figures directly under-thoſe of che ſame value, 
Jes vir. Units under Units, Tens under Tens; and} Hundreds 
ral under Hundreds, &c. Muſt be carefully obſerved, alſo u 
derneath the loweſt Rank there muſt be drawn a Line (as 
before in Addition) to ſeparate the given Numbers from 
to- their Difference when it's Band. f 2 9 7 8 
eral | Then having' placed the leſſer Number under the greater, 
n, is the Operation may de thus performed. 
„ Rule, Bein at che Right Hand Figure or place of Units 
/ing (/ in Addition) and tate or Subſtratt the lower, Figure in 
that place from the Eigure that fands over it, ſetting down 
or te Remainder or Difference oo dw its own place, i the 
| "RARER 2 41 v0. 


— 
& 4 
. 
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two Figures chance to be equal ſet down a Cypher. But 5; if 
1 4 Figure be leſs than the lower Figure, then you muſt 

d 10 to the upper Figure, er mentally call it 1o more than 
By is, und from that Sum Subſtract rhe lower Figure, ſetting. 
on the Remainder (as 7 directed: 22 Nom becauſe the 
10 thus added, was [u por to be borrowed from the" next Su- 
perior place (viz: of Tens) in the upper ores therefore 
you muſt either call the upper Figure in that place y whence' 
the 10 was borrow'd, one leſs than Y cally. it is, or elſe (which 
ss all one and moſt ſu you muſt” the Bey ure in 
that place ane mort thun is, and then proceed to Sub- 
r in that. rye as in f former ; and ſo gr 4dually « on 


om one Rom of ai utter ui il be duc. © 
Example 1: | 3 
ſw: it be requited to find the Diftraice between 6785; 
4572. 
That! let 4572 be Subſtratted from 678: 
U Niobrr being placed Sh as e. directed 


will ſtand, 
ie Se ere 10 bak 
OY mn WY 
inning at t e place 0 of Units 3; Taks 2 Hh 5 and wur | 


uſt be ſet down Lied its own. 


ren the. Race ly Tens, Funden 7 from F 
Ne AD Þ wed Lo 110155 7. t dowh' underneath its 


own place; again at the place of Hundreds take 's from 
and — Remains 2, which ſet down, as be ; Laſt,” 
take 4 from 6 and het will Remain 2, which being ſet down 
derneath "lows t the . 5 is finiſhed, the 
. ls, Ie 2213=6 a bs Vas re- 


quired 
ee 2. * TY 


The B. beer both 849 and 4 5 
fore placed the EE 5 0 ce 1 
gin at the place of WUnits (as before) and 95 
1 9 S cannot be, but g from 16 and there Remains 7 
7189 be fer dowm under; its dn plac; . 
the pluet of Tens, where 28 3 
that was byrrowe® to mnake the 6:46 1 BY, accom the 
5 than it 


upper Figure 9 in. that place one le 
Ho Fom $ and there Remains 4, or elſe (which ie oY e 5 
practiſed) 


* — g EY W 


— 


. * 
* + c<CWw 2 9 —” we — . — — 
* A 4 
, 4 1 , 
2 Of 4 13 
= V . 
4p. 2» | 
I "Y - 2 4-4 
_—_ — 5 


— 


practiſed) fay 1 1bortowed and 4 is 5 from 9 and there Re- 
mains 4, tobe ſet down under its own place (as before) again 
at the place of Hundreds, ſay $ from 4 that cannot be, 

s from 14 there will Rex:aiy 6 to be fet down; and here I 
have borrowed 10 (as before). which maft be paid in the 
{ame manner” as the other 10 was, viz. either by calling 
the 7 in the une Rank but 6, ſaying 5 from 6 there R 
mains 1, or elſe by ſaying 1 borro and 5 is 6from 7 
and there Remains 1, Which being ſet down under its own” 
Place all is d and the Difference required will be 


1647 =7496—— 584% — F 
From $30476 © 
| Take 741065 


3 Remains 

By this Example you may perceive that Cyphers in the 
133 vix. on the Numbers to be Subftratted, do not 
7 the Number from whence. Suſtractian is made. 

AL, £, Aatbe r 1815 FE. 1 ef -- 
_ Theſe Shaw Examples I preſume may be ſufficient to 
ſhew the young Learner the Method of Sulſtracting whole 
Numbers; as for the Reaſon thereof it's the ſame with that 
of Addition. Page 10. viz. of the whole being equal to all its 
parts taken together. e 

That is, in this Rule the Number from which Suljtrat7;- 
on is required to be made, is underftood to be the whole, 
and the Sibtrahend'or Number to be Sabftr is ſup- 
got os apart of that whole, conſequently if that part 

taker from the whole, the Remainder will be the other 

R LES 
From herice is deduced the common Method of proving 
Sichſtralt ian, by adding together the Subtrahend and the Re- 
nander.” For if the Sum of thoſe two which are here 
alled Parts, be equal to the Namiber from whence Subſtracti- 
was made (Which is here called the Whole) then the 
Work is right; if not, care mult be taken to diſcover and 
orrect the Error. 4 CHF 9 . 
copia Exanple. 
From $9435” ah 


Proof 1 The Sum which is equal to the Manner 
from whenge Subſtrattion was made. 


* 


L wry _ Arithettch, nn "FT 


Or from the abovelaid. Reaſo it will be eaſi 
ceive + how to prove the 8 ER aktion : by Subs 


ftrattion, -- * 
For, if from 59435 being "FRY the Whole, 
there be taken as a part of that whole, - 


there will Remain — — the other part (as before) 
And if from 59485 the le 2 be Subſtrafted. 
the laſt part 27 


There will Remain 45608 the fi firſt t, or 12 which 
vas required to be fifſt — 5 oo 


From 756433 From 7606000 
Take 900 lake 986432 


— — — 


66643 Remains 6013 6013568 


Sect. 4. Of Puliplication, 


- Pul is a Rule by which any given EY may 
be ade increaſed according to any propoſed Number of 
mes. - 
That ie, Orit Mendes is ſaid to Multiply another, when the 
Number Makiptied 5 is ſo often Added to it ſelf, as there are 
Units in the Number. Multiplying ; and another Number is 
produced. (Euclid 7. Def. 15.) 

To perform Males plication there is required two giyen 
Numbers, called Fattors. -' 

The firft'is that Numbex which is to be Multiplied, and i is 
generally put the greateſt of the two Nude, commonly 
called the Aultiplicand. 

The other is that Number by which the firſt is to be Ade 

tiplied, and is uſually called the HMultiphicator or Multi 
and this denotes the — Times that the Multi 
is required to be Added to it ſelf. For ſo many Units as 7 
contained in the Multiplier, ſo many times will the Multi- 
plicand be realty A toit ſelf. (as per Euclid above.) Andi 
from thenee willarile a. third Number, called the Product. 
Prin in Geometrical 8 its called the EEE or i 

lain. 


* - 


a ” 
* - * 


hos Fi are to be let Gr plated) down a as in Ale, or 
W er 0 1:003 % Hir welt nd . 


Thos 


t | 8 hap. _ O eee — 


$*, 4 - 44 *& 


Me / jcand, 
Tha 17 - e ber Ene, 


4 n 0307 24 VIZ, 4 times 6 is 245 as plainly — 
y Addition, viz. By Setting down d four 1 Hb, 

1 ; imes, and then adding them together: into * 4 
p 2 dne Sum, thus, .. | 316 
= From Jaws ith way evident that Ten 4 

s .only @ Concile or Com ious way 0 
1440 avy 8 2 ſo often as any Mane; of 
;mes may be propoſed. 
Before any Operation can be readily Perform'd in Multi- 
plication, the ſeveral Products of the fingle Figures, one into 
another muſt be perfectly Jearn'd by Heart, viz, That 2 
imes 2 is 4, that "ies 3 i 9, that 3 times 6 is 18, c. 
According as they are ex pr ed in the following Table, 
herein I have omitted ulrip! u with 25 it being 10 Very 
aſie that any one may do it. 


- Matrigl cation Table. 
5 9 Pp eee e 
3* 4 =12{4Xx5 25 * 8 9 27 
315 17 8 e 2—— 0 


6 


22 * 9 54g 
3X = 9=36 
— 


I think it needlef to give any Expl anation of this ae 
r if the Signs and their gn, car, — be well underſtood 
vide Page 5.) it muſt needs be eaſit. Only this may be 
PIR that 4*3=3X4. or 7*5=5x7, Cc. 

3 times 4, is the ſame with 4 times 3, or 5 times 


: z 36the ane with'7 times 5, Cc. The like muſt be un- 
ei ſtood of all the reſt' in HS, "va, i 


And whenall theſe ſingle Products are G perfectly Learn' 
Heart, as to be ſaid without pa aufing ; you ay then 
roceed ( but not till then) to the Buſineſs of Multiplication: 


hich will be found very eaſie, if the follo in ul 
xamples) be carefully derbe! hy 8 F (and 


Rule. Always begin with that Fi ture which And; in the 
Inits place of the Tee Ws and with it Multiply the Fi- 
ure e which ſtands ine he Units * ai the a 3 if 
t er. 


Thos 


| ſo age Bit 


16 „l - Farr 
their Product be leſi than Ten, ſet it down underneath its own 
ace of Units; and proceed to the next Figure of the Multi- 
if their Product be above Ten * Tens) then 
et down the Overplus ony (or odd Figure as in Addition) and | 
ear {or carry) the ſaid Ten or Tens in mind until you have 
Multiplied_ the next Figure of che Multiplicaod, "with the | 
fame Figure of the Multiplier; ben to their Product Add | 
the Tenor Tens beared in mind, ſetting down the ovtrplies of | 
their Sum above the Tens, as before ; and ſo prorred on in 
the very fame manney, until all the Figures of #he Multipli- 
cand are Multiplied with that Figure of rhe Multiplier. 


| Example Ss 100 EIS Vi: b 
were required to Multiply: 3213 into or with 3. 
l Tae | 2 1211 3 
Multiplier, 5 ms 155 wa 
Product 9639 1 
Beginning at the Units place, ſay, 3 times 3 is g, which 
becauſe it is leſs than Ten, Be ir , mes 5G, own 
place, and proceed to the next place of Tens, ſaying 3 times 
1 is 3, Which ſet down underneath its own place, then to 
the next place, viz, of Himdreds, ſaying 3 times 2 is 6, 
which ſet down, as before, laſtly, at the place of Thou- 
ſands, ſay 3 times 3 is 9, which being ſet down underneath 
its own place, the Operation is finiſned; and the true Pro- 
duct is 9639 = 3213*3, as WaSrequired, —/ i 


ms EEE 

Let it be required to Multiply $569 into 8. Set down theke 
Numbers 45 before, 7 ”y * 68 $158 | „ 
| Thus 559 


68552 


Beginning at the Units place ſay, 8 times 9 is 72, ſet 
Ay oy underneath its own Wer c Units, _ beat 
the 70, or 7 Tens in mind, and proceed to the next Figurt 
pt the Multiplicund (at which 9 the 7 Tens are only 7 
2ying 8 times 6, is 48, and the 7 carried in mind is 55 
fer. down the odd 5 underneath it's own place of Tens, and 
carry the 50 (which is really oo) to the next place (viz. 
of Hundreds) at which place it's only þ where ſay, Wl 
times 5, is 40 and the 5 carried in mind is 45, ſet down 
the 5 ufiderneath its on place; and carry the 49 «re 0 15 

| 26-28 | * 944 i 008 of TO hic 


— 5 8 
* 
ar 
7 : ; 
. 4 * 
* , 


FF; 


Chaps: 2. 0 — 77 


(whi ch! is really ono to the next place; viz. of e, 

nying 8 times 8 is A and 4 carried Þ in mind is 68. (Now 

Wcthis being the laſt place or Figare to be Mulriplied ) ſet down 

he whole Produt 68, and the work is done 

Sd that, 8569x3=68552, the Produtt required. 

EX; Now. the eaſon of this 1 all other the like Operation, 
Wnay be eaſily conceived from this which follows, 


— Erbe fame Faifors as before, | ning EI | 


Here 8 times q, is but 72, as before. becauſe 
{72 3 be I in the Units x Ka N | : 
SY Now here it is not really 8 times 6=48, but it 
4 630 is 8 times 60 g= 480, becauſe _ 0 ſtands in the 
.; : + Cplace of Tens. 
" 859 And here it is not 8 times 5 =40, but i ir 8 really 


4000 8 times 500=4000, becauſe the 5 ſtands in the 
1 place of. Hundreds. | 

Laffly, beczuſe the g in the Multiplicand flands 
0. in the place 6 of Thouſands, it's gherefore,” : times 


, and not Stimes.B DGA. 


imes 2 
n to 85 32 8 The * of the be particular Products, which 
is 6, gives the true Pro as before. 


By what hath. been already laid, with a little Conſiders 
ion Machte the Examples: I preſume the Learner my ea- 
ily underſtand how to Multiply whole 18. with any 
ſingle Figure. And 1 it is Ov to Multiply with 
more than one,; Then ſo man 21 ne are in the 
Multiplier, fo man e roducts there miſt be. 

That is, all the Fgures of the Multiplicand, muſt be Aal 
N wit * 24 fingle Figure of the Mulriplier as if there 


theſe 


vere but ang ech 5 ani} the Sum of all thoſe parti- 
ular Gere the trus 1827 required. but in 
hoſ ſe O 175 care muſt be taken in ſetting cd oy 
e Wo ates which ariſe Nn 2 4017 len 
N. 5 gal 1 9 d tha that will V dove if 
CEC ee e a © Se 
7 firſt Figure (or Cypber ) 6 


ers Gr direct! ancernexth the 
= Sry parc Figure r thus 7 ie 


4 Figure (or Cypher) o 14 the fecond par bticuler Pro- 
uct uf 7 directly an 1 ſecond Figure (or . ) 

| 771 SF. 250 f the Frſt Figure (or Cypher) e of 
be third Partituldy r duet; 8* tand direct iy underneath 


tre 


che third Figute of the firſt Produdt - 0 Fi on 5 mel a; * 


done. 


Now the reaſon of placing the firſt Figure of every parti. 
cular Product in this 89 will be very obvious to any. one 
_ conſiders the laſt Example: „ Wherein the G ; 6 are 

any tet down to fhew the true diſtance of the ff in 
| particular Product from the Unit place. 194 2 altho it 
nat * to ſet con ers in this manner; et they are 
always ſuppos d to be there: 1-4 their places are al. 
— left 70 as in eo, two following xample; CR: \| 
have placed oints inſtead e 908 


bW- Example 3. | 
Let! it be required to Multiply e, into or with 75631 


750942 Factors. 


. 234282 The firſt particalar- Prodits u 

564. The ſecon particular Product Wwuh 

28. 0. The third particular Produtt with 
546658... Th 4 253 partictlar Product with 


0 * The Total or true Prodntt Fes 7 T5 


Exaniple 44 
Eg ry equited to Oy dt into cos 
31492 7 


apts The ae 5 | 15 1 ix K 6 
4 9990s 1 e Produtt With £48 1 
4503399 ge ed a5 as required. 
Here you may obſerve; that I paſs over the 

aty take care of placing the firſt ProdutÞ of-th ce 


VE. of 60000 according) tothe fore ging Directions. 
When there is a Cypher, or Cy Cydhers, 900 hb! ig! 


—— 


3 


de wk 4 e icant, — * Muttiplicator, 11855 a ues F 
that caſe ectin 
phers until the ere e, = The 
to their dam annex ſo 8 as are in either or dot 
e eee unten d ads, NF. \ 


14 211 Y »> 
A "WA. 3A 3 1 »#T& 2 0 
* 


— Tale 8 few Examples without their work at large. 
=  7564vy379=4kom . 


BY 687000 x 3562=244572000 
65) ( _ $30974* 45007=23884044718 
7901375 * 30000=237041250000 
| $37084090x $90700=317255518800000 
ll 102030405 * $04030201=51426405540261405 
Joop 987654321 x 123456789 = 12193263 1112635269 


1 Note, If it be required to Multiply any Number with 10, 

| 78 1000, 10000, Cc. it's only Annexing the ers 
the Multiplier to the Figures of the Multiplicand, and the 

8 ork is done. e et 2 6 

| $78 x10 : 57810 =57B000  _ 
Thus ; $78 * 100=57800. 578 * 10000=$5780000 &c. 

Theſe Examples (being well underſtood) are ſufficient to 
\._ *Wiſtru the Learner, in all the varieties that can happen in 

ultiplying of whole Numbers, according to the Method ge- 

_ Mcrally practiſed: However it may not be amiſs to ſhew here 
22 now Jamba may be performed (with many Hgures) 

1 Example. 


Let it be required to Multipꝭ 879654. into 79863. 


. 


Th 11 order to perform this (or any other Operation of this 
2 bot d) by Addition only; you mult make a Tariffa or ſmall 


able of the given Multiplicand, in this manner: | 
Eirft, Make a ſmall Column, and in it place gradually down- 
ird the nine ſingle Figures; viz. 1.2. 3+ 4. J. &c. 


* 
£ 
«2 


+ 


J Wy. } 


C 
. * 
— - 
' 
4 


Da Then 


20 —_ . ,* ©" Arikhmekick. Part J- 


Then againſt the Figure 1, ſet down the Maltiplicand | 
(which in this Example is 879654) and againſt the. Hgure 2, 
{et down the d6uble of the Aal iplicand, found by Adding 
it to its ſelf; To this double Add the Multiplicand, ſetting 
down their; Sm againſt the Hgure 3. An 4 


en 
ſo proceed on by a continued Addition until 1 87 
there be Ten times the Multiplicand in the 2 
Table, which if the work is true will be the 
Multiplicand it Telf with a Cypher to the Right- | 
hand ofrit (as in the Annexed Table) this be- 
ing done it will be eaſie to conceive, that the 
Figures in the ſmall Column of the Table, do 
reſpectively 95 * — thoſe of the Multiplier; 
And that the Numbers againſt any of thoſe F- 
gures in the ſmall Column, will be the true 
Product of the Multiplicand agreeing to any , 
Figure of the Multiplier; as plainly appears by the work of 
this Example, 


— Le 
Againſt 3, in the Table is . 263B962 =879654 x 3. 


; ww 


Axaintt 6, is Ree 77924 = 879654 « 60 
Againſt 8, is 2 18 22 28684 x 800 
Againſt 9, is 7916886 SS 879654 « 9000 
Againſt 7, is 6157578 __ =879654x 70000 


The Product required is 70251807402, = 879654 * 79863 - 
| Note, This Method of Tabulatin the Adleighions |; is 
hot lie and certain; being neither lubegt to Errors, nor 
burthenſony to the Memory, and therefore in large Calcu- 
penn 2 2 tm ws very 1 N | The: common pra- 
ice the uſeful Met as in Page 18. &c.) is beſt, and to 
becker before this Wen a n .0 
Moſt Mafters that teach (and ſeveral Authors that write 
of ) Arithmetick do teach to prove the truth of Multiplica- 
tion, by. caſt ing away all the Nines that are contain'd in 
both the Fattors, and their Prodult; but becauſe that Me- 
thed is very erroneons,' as might be eaſily ſhew'd ; I ſhall 
therefore omit inſerting it, and leave the proof of Multips 
cation jo the next Section, wherein (I preſume) the Reale 
25d peodd, both of it, and Divites will plainly appear. - 


vs 


Sea. 5.l 


[ contained (or may be found) in another: And to perform 


—of Divilion. - | 


Sect. 5. Of 8 b | 

ſion is a Rule by which one Number may be ſpeedil 
Wee from * ſo many times as it is 22 
That is, It ſpeedily diſcovers how often one Numb 


p. 1. 


— 


92771 
1 © 


er is 


this there is required two Numbers to be given. 


| 1 be Dovided, and is called the Pip:dend. 


1. The dne. of them is that Number which is propoſed to 
2. The other is that Number by which the ſaid Dividend 

is to he Divided, and is call'd the Dzviſor. 

Ang by comparing theſe two, ui. the Dividend and 
Diviſor together, there will ariſe a+ third Number, call'd 
the Ee wor Which ſhews how often the Diviſor is con- 
tained in the Dividend, or into what Number of Equal 
Parts the Dividend is then Divided. Therefore, 

' Diviſion is by Euclid firly term d the meaſuring of one Num- 
ber by another, viz. one Number is ſaid to Meaſure another 
by that Number, which when it Muitiplies, or is Multipli- 
ed by ity it produceth. Euclid 7 Deſi. 23. 8 

d if a Number meaſuring another, Multiply that 
Number by which it Meaſureth, or be Multiplied by it, it 
produceth the Number which it Meaſureth. Evelid. 7. 
Ixiom. 9. | | pg 

That is to ſay, If that Number which Divides another, 
(called the Divior)*be Multiplied with the Number Which is 
produced by Divifion: (called the Quotient) their Product 
will be the Number Divided or Dividend. Whence it fol- 
lows that Diviſion and Multiplication are the Converſe or di- 
rect Contrary one to another (as Subſtrattion is to Additi- 
on) and do mutually prove the truth of each others Opera- 
tion. ain - CIC e 

| ſhall therefore make choice of the foregoing Examples 
in Multiplication, in order (as I preſume) to render the Buſi- 
nels of Diviſion more plain and eaſie.: ' | 

Firſt, Let it be required to find how often 6 is contained 
in 24. That is, to Divide 24 by 6. 

N. B. Always place down the given Numbers in this or- 
der, firſt ſet down the Diviſor, and to the right hand of it 
draw a crooked Line; then ſet down the Dividend, and to 
the right of it draw another crooked Line, in which muſt 
be placed the Quotient Hgure or Figures as they become 
found. Thus, e fs FA 


. * þ x 4 .* 
* Divid end. 


- 


from the firft Figure of 


fromthe third Figure of the Dividend, &c. 


— 


- -' » Diviſor 6) 24 (4 the Quotient. 


* 


ext or\ Anſwerer required. 


This is apparent by SubfraBtion, as.. 5 
Z the Margin, where 24 he 8 . is 
end being fet down, and from it 6, 216 
the er is continually Subfrats 3 |=|= 
d fo often as it can be, Which is = Fa 
To ES EE. 4 is the | = 
trus Quotrent or Anſwerer requi-.. a3 
„ 410 
From hence it is evident; that D-vi/top: is but a Conciſe or 


Compendions Method of Subftratting. one Numb 


an Unit (or 1) for each time it is Sahſtracted (as above) the 
Sum of thoſe Units will be the Quotient. 


All Operations in Piviſen do begin contrary to thoſe of 


Adultiplicationy viz, At the firſt Figure tothe left hand, or 
that of the higheſt-value, and Decreaſe the Dividend by a 


repeated Snubtrattion of each Product ariſing from the Di- 


viſor when Multiplied into the Quotient Figure. And the on- 
ly difficulty in Diviſion of whale Numbers (qr indeed af any 
Numbers ) lies in making choice of ſuch a Far Figure, 
as is neither too big nor too little; the which may be eaſily 
obtained by obſerving the following Rule, which hath two 
Caſes, K dls Egii to * B . 
e. 


Caſe 1. So often as the firſt Figure of the Diviſor # talen 
| the Dividend: So often” muſt the ſe- 
cond Figure of the Diviſor be taken from the ſecond Figure of 
the Dividend, when its joyn'd with what Remains of the firſt. 
And ſo afren muſt the third Figure of the Diviſor be taken 

But if the firſt Hgure of the Diviſor cannot 
the firſt Figure of the Dividend, © Ihen, 


- þ i 
2 „ 0 * oh 


EN 8 


Part. I. 


Here L confider how: many; times 6ſthere is in 24, and 
find it 4, viz. 4 times 6 ĩs 24, therefore 4 is the true Quoti- 


2 | er from ano- 
ther, ſo'oftewas it can be found therein; for if the Diviſor 
be continually Suhſtructed from the Dividend, accounting , 


be taken from | 


i 


Caſe 2. So often be PI TY ure LA the Divi, is ta- 

ken from 7 two firſt Figures of tie e Dividend, ſo often muſt 

== the ſecond F ( Figure of the Diviſor be taken | froth the third Fi-. 

= gure of the Divi dend, whey it s jn d with what Remain'd of. 

b % ſecond : And ſo often put the third Fi pore of. of the Diviſor 
be talen . the ourth' Fi e of the Divi c. 


hat FS uſt be ſuch as being all. 
= ig monde 4970 2e for that ene 


But if Bk a Product cannot be exactly found,” then the next 
= leſs mult be taken,and ordered as in 75 following Eæamples; 
of which let that in Page r6 be the firſt, wherein there was 
eien 8569 the Multiplicand, and 8 the Multiplier. To. 
2 fe the Product 68552. Let us here ſuppoſe the ſaid Product 

© 68352, and 8 the 22 plier, both given : z; thence to find 
the Mulriplicard. That is, Let it be required to Divide 

552 by 


dy Dividend 
5 Diviſor 8) Sis * Quotient when found. 
ag According tot Cuſe r. I compat e the 
he with She ern Deut — ard finding]. 
not take — ode 1 e eb 75 2) | 
ten 8 can be taken from-68, the two Sa 15 the. 
of ger 00 find-it 8 2 Gino zn for 8 OED 8 
ing the great ro into an ure t 
La 2 taken oO 68. 3, therefore e gin The Ons wotient,” 
Di- 100 with it Multiply 8 the N viſor, ſetting down their Pro- 
on- Aut underneath the ſaid typ firſt Figures of the Dividend,” 
ny Subftrafting it from them, and then the Work will ſtand 


Thus 8) 68552 (8 
- A,B 


* 4 


; 255 to 2 2 5 I 555 a Point under the 
ken next e of the viz. under the 

e fe- . Coma underneath . 18 0 ee 4» 
re of Will dy that EN conſider 
irft. Ver zna tl i 1 de 
then 5 times. for Th timęs $1 


p — — 


e 5 e 


9 


, * 40 [i 
1 "=. ' . s N x * 2 #S 4 4 , 
* * * þ | 4 Je 
- 89 ® q bs : * © 
Mo git d 0k reer. = 
* , 1 4 1 . 1 «+ #. % 7 in "VP, . — a6 
{4 + R \ 92 a 


Bora third Operation, 1 HAY Point under thi next H- 
el of the Dividend, vt. 


viz. under the 3, and — N it dow, 
before, proceeding in all reſpects, as before 3 and theh 
the Work very ſtand M 


11 5 0 Sis. a 


— ia be a he PA 3 
Dividend ge a wh here will then 


ene 
com. as in the other ations, 1 
Ent Diver cn - _— x 


hat 8 the — juſt times from 72, 
ad the Work 3 ined, an i fland 2 


re ©) ggg Ge. 


— 


E 2 
* * mg G 5 5 
8 * ny " ” * 0 - * —＋＋ ; 
— 42 * 1 1 g 64; * 


021 


— kx — ® \ 0 E 1 * 54 j 9 45 - 
K — — . * 5 0 

- T * ; « 

reit! * 1 

L 

F 2 "IEP 5 N 2 

* * > * W.., * = - 0 - 

3 I 71 Y boy "_ 
24 4 * 4 3 ; » 3 , 
* » 121 De. . Ts 711 ©-- * * — 
18 


The true! e „ being ezactl 
ebe, rt © =) M3 Ly 1 8 ing 15. pr uy ok 


of Multiplic As was requi 
2412 Reaſon of dhe ation: Wee pln ur 5 


ene rharwill 6 tle conhider of iras followeth. 


"7 vs 30 


— 


— 
27 


Chap. "a _Of-+ Diviſion. 
Diviſer 8) 68552 (800, The firſt Quotient or Figure: _ © 


3:4: This Product of the Diviſor into the 
92 4 3 is 64000, viz; 8 times 8000; 
g 3 1 the Quotient Figure being always of the 
Subſiratt ©4992 ſame Value. or Degree with that, Figure 
n | under which the Unit's place of its Pro- 
| rene 
W Diviſor 8) 45.2 ( wn 59 ſecond Quotient Figure, 
Fat nd here the Product is 4000. viz. 
Suſtre® desde 28 rimes 500. der N times 5. S 
Dinger, B) 9p Wet 8 third Quotient Fig. 
5: F Allo here the Produ is 480. vig. 8 
Subſtraf 14.8.0 Aue 60, for the Renſons tbovefaido': 


. 


= Diviſor 8) :7:2 (9. The fourth Quotient Figute. 
DI 35 Now here the Product is but 72. vit. 
Sulſtract 5 5 9 times 8. becauſe the 9 ſtands in the 
: (place of Units. 


Remains (0 0) Now the Sum of all the ſeveral Qurients, 
viz; 800 500. -+ 60 9 8569. as before. ” 

If the Proceſs of this Example be well confidet'd and com! 
pared with that of Multiplication, Page 17. it will evidently 
zppear to be only the Converſe of that; for the particular Pro- 
duct, are alike in both, only thar Which is Leh there is Firſ? 
here; there they are Added, here they are Sulſtracted. _S5 
hat whoever underſtands the true 'Re4ſor of the dhe, muff 
eeds underſtand the Reaſon of the other, and then Diviſion 
ill become very Eaſie, although the Diviſr conſiſt of ſeve- 
al places of Figures. 


Example. . 
Let it be required to Divide 590624922 by 7563 
| and 01 Dien 
wait 1 Dzviſor 7563) 590624922 ( 5 g 
ly ll Tis plain at ſight, that 4563 the Diviſer, cannot be taker 


om 5906. the like Number of Figures in the Dividend. 
poled Therefore, by the ſecond Caſe of rhe Rule (Page 23.) there 
uſt be allowed five Figures of the Dividend, viz. 59062 for 
aue 5/2 Operation or Quotient; that ſo the firſt Figure' of the 
Pier, may be taken out of the two firſt Figures, v34:'5.9 of 
Je Dividend, &c. e . 

j ; Thea 


4 


, - 


— 


25 . Art erten. Part | 
<< K — a 

Then I procerd (per Caſe 2.) and eonſider how often 7 
may be taken from al find it May be taken 8 times, for 
8 times 7 i but 56. which I ly Subſtratt from 59. and 
tere Remanns 3 3 to this 3 I mentally adjoyn che Third Fi- 

» of the Dien dend, viz. o. which thakes it 30. out of 
which I muſt rake the Second Figure of the Piviſor, ws 
ſo often as I took the 7 from 3 Which was 8 times. But 
that cannot be, for 8 times. 5 is 40. Which is more than 30. 
therefore 8 is too big a Figure to be placed in the Quotient; 
Yer, henee I conchade, chat rhe next leſs, oN. 7 may be taken 
without any further Dal. I therefore place 7 ih the 1 
and with it Maltiphy the Diver, ſetting down their Produtt 
under the Dividend, and Fubſtrad It thenee, as in the 
other Exampte, and then the York will ſtand | 


Thus 7563) 398624922 (7 
| $2947 x 
6121 


In order to à Second Operation; I make a Poim under the] 
next Figure of the Dividend, vix. mee the 4. and bring it 
down to the Remainder 6121. Which will then betdme 61213 
with which I proceed in all reſpects as 1 did before wich the 
59062. and fd the hExt Quotiem Figure will be 8. win 
which 1 Multiply the D#vifor, &c. td Sulſtra their Pre 

4c from the fad 61414, Then the t will ahd 

Thus 7363) 598624922 (78 
| ee | 
61214 
— 
{39 | 

To this Remainder 310. 1 point and bring down the nen 
Figure of the Dividend, viz. 9. which makes it 79109; noi 
becauſe the Diviſor 7563 cannot be taken from 7109. 


therefore 19 a Cypher in the, Quotient. 
And thu muſt be always carefully obſerved, viz. That f 
init Af „er Oyphet, which i 'brdipht "down fm ti, 
11 15 in order 5 n 4 muſt alwayr i 
ee a Figure, or Cypher: /& Hown in the Quotient. "Tha 
the Work will ſtand enn AW 163 FT IRS P IH FILE ee 


” 
* 


Toy 


Thus e ganas Ce 


1807 


To this:7109, 1 I bra 
„ Viz.'2, and 

11 Ml ferdowng i inthe 
or, ſeting down an 


= — 


rere 


To this Remainder 302 cas, I Kette Page 


Figure 2 of the e which makes 2 
eeding in all re 58 11 ner, 355 S 
ec Wark i wi 


de 4 wa 
aa thee Prod Produce bet gt 


—_ - - 


"This: e gms baer. ee, 


EY 


* 
” b » þ 
* : 
R ”, 
41 2 1 — C * 4 
on = * 
1 4 þ ** 
& = . . 3: 4 3 9 N | 
e n —— 
| | J? 
0 5 71500 a 
| 


mm = 5 


8 1 . 


L x £ 1 . 4 
2 * % 
. LEE 4 && «  * wk. x + a. 4 L4 41 * 2 


Here "the Work E ended * +: "SY uotient to 
J 1 2 5 


bete 115 Ta") 


6 98 * 


8 "  Arithmettck, Part . 
bo — — 


If the Work of be conſidered and compared 
„ Rule Ge 2) the whole buſi neſs of Divi x will 
be eaſie; for indent 6 o difficulty (as I ſaid before) lies. 


in making choice of a true Quotient Figure,” which cannot 
well de 90 according to-the mon Method of Divifion, 


without Trials, yet thoſe Trials need ngt be made with the 
. whole: Dorn (a5 appetrs b ehis taft Example?) for by the 
two fit ſt Hgurvs of all the reſt are "apy 7 — 
gulated ; except” the ſecond Figare chance to be 
4; Ind 87 the amerime the third Figure be 7, 8, e 
indead re ir = Lg had to the. a vt Fighte CAC 
r © t 2h EZ OTC CF | 
However, if thoſe 1 are e ee . troubleſome, the 


may be avoided, Figures may bo 
nafily and certaivly be y == 8 Bel 210 c ſuch a ſmall Table 


wade of the U ing of the Mariplicand in Page 20 


* 


| Example | 
Let it be uired to Divide 0251 by 79863. Se 
the 15 Multiplication —_ 1 80 a8 dereltch 


Tas, a Table 7 the Bleis 70 
Inu oh zoied bag raise 

Fee Sti: 

70257 1807402 co Quonteht. 8 
ä 4 „ ee 0 nh of this Opers 
31228589 £7 4 tion I preſume may be saft 
4] 319452 ſily underſtood. For th6fe 
5| 399315 gers jnthe Table are the 
6147917 EW. \Proautts of the Diviſor i into 
7 NE all the 9 Hgures; conſe- 
| _ 4 quently thoſe F igures in the 
9171 8705 4 mall Column do ſhew what 
1708636 "#3200 = iger is to be placed in the W 


399315"? Dpotient' , without anF 
1 doubtful Trials of the D 
272 ES 6/4 with the Dividend as 


fore, 


*% ; 
* 
„ 1 * 4 


a! 8 5 e 
WAA W N. 
hy 25 and even then if t Yor 


Le . alk 51 ix Gepe 
guat ions, and Ca ck 0 


ee Tabie ; on 
he of lntereft, Ce. f R 
N oe arts Me A*. 1 17567. Hither to 


— 2 + 0 
71 
* * 


| — 


11 75 


 Hitherto 1 have made choice of Examples wherein the 

Dividend is truly Meaſured or Divided ed ol, by the Diviſor, . 
without leaving any Remainder, being thoſe as were com 

— of the Diviſor and Quotient. Zutꝭ it 90 - uſually fille 

that the Diviſor will not exactly meaſure the n 

in t t caſe the Remainder (after Diviſion is ended) muſt be 

ſet — the Diviſor, hires a Eine dermit n 8 


ta the Quotient: | 
ing 2 D 5. 


Suppoſe it were required ta Nude 379, by 5, 


379 8 — 
5 . 1 
29 85 
25 _ 
Remains) 4 — 4 


e 6. 
Again, Let it be required to Divide. 43789, by 67; 
bn, bs 43 79. ( 0 Pf Ay N require 
$38 2: 1 — 9 Ix | 


, „ Mea A | 
* * 4 * » 4 5 . z 
, T * _— YZ = 


e Io ed? Vi di f in at gf gs 0 
©.3-A : app) | * . Oe $303 Sat dn! 
ſry 
N e | 
Hol ſuch Remazy thps pla "over FOOT „ Divers 


( which are indeed 75 4 5 ons) ma be otherwiſe ma- 
08 gre indeed rther on. Mal 4 

B. When the N happens to be an Unit, viz. 1 
with a Cypher, or Cypher ITO to it, As 2 100, 1800 Se, 
Di viſie > i truly perform cutting off with'a Point or 
Loima, fo many ors 707 7 the Dividend as there are 


viſon: thoſe Figares ſo cut off to 
pre im e thaſs Kot res in he 


Dividend Will be the true Quotient required, becauſe hams 
goth Walbeck e ait en 218 
1 's diiw ONES lata . 
et it be required to. Divide 97843 1000 The Work 
ay Rage es 5 $78.42 -the Quotient” requi reds” 


ke e tn Ss 


Pr have Cyphers to the 


gi t hand of it, Wen f ſa hs the laſt W 
| ll 


. dd. 5 ; 4 — , * * 
* 


Avithmetie; Part I. 


and Dinize the other Figures of the Divi- 
r er the 
e r- Diviſion is ended thoſe - 


2 , and the athe Fgwerent of in * 
ir den Ar 

Ene 8. 

Suppoſe it were required to Divide 67 by: $499% 


. 22. (s 


3 


Remains ( 4) But che true Remainder is 469. 
Confequtntly the trae ene is 1257488 


As tothe manner of proving t the truth of any One 
either in Multiplication,or Diviſion,l preſume it may be eaſily 
"underſtood, by what is deliver'd in ag 27, compared with i 
the three firſt Examgles of Diviſion; For from thence it will 

eaſie to conceive ; that if the Diver and Quotient be 
"Multiplied together, "their Produft (with what Remains af. 
ter Diviſion, added to it) will be eq ro the Dividend. As 
in the fifth Example, wherein the end 22 55 the 
l | ofient is 3 land thi ae 
a 785 3 55 to whi Add the fe Rem 
' 379: ; 
Again, in the fixth Exa the Diviſor is ui 
oy 535 and See is 38. wi 77 the WS ; 


e he en ier 8rd the Pt g 


end, GC. 

ert art ſroeral Ae both in Divigon 40 \ 
Mulfipfication, whi onitted waril F com 
ro treat of Pecimal Art hractick, o 1 have omitted th 
buſineſs of Evolution or Extract df Rovers, until farthet 

on ; and ſo ſhall conclude this Chaprer with a few Exam | 
of e eee W e re the Lea 
ners Tactice. +! q Ec (et aud Bun 


en 211 5 wy CEN " | 
$13 04 17 ant vv * 550 <4 bd IL 1 p 
a Oro Toes 43800773 ( 


30 


in the 
dend, tha thoſe 
are omitted. 
o omitted in the 


Dividend areboth to be 


. 
 _ 


Chap: z. Of — Meaſures, Ee: 


45007) 23684044718 (33674. 
i; 330674) 23834044718 (45007. | 
338) 244700 (687000: 
396 57659066400. ( 987434 _ 
10000) 679543820000 679543822 
79) 282016 (356975. 


CHAP. In. 


— an] Snbraction of Numbers of 4 
rent Denominations, and bow to Reduce them from one 


Denomination 20 another. 
SHEET... 
1. Of Engliſh Coin. 
HE leaſt piece of Money uſed in England is a Farthing, 
and fromthence ariſeth the reſt, as in this Table, 


Farth, | ; 5 5. is a Crown. 

| 4==10, Pen. Pen. \ 10s. is an Angel. 
F- 1 2,==15. Sbil. . And 3 6 5. 8 d. a Nobk. 
— — Pound Gerling. 13. 4 dl. a Murk. 


Note, When J. s. 4. 9. are placed over (or to the Right 
und 77 Numbers, they denote thoſe 5 to fignify 
ods, Wy Pence and Partbings. | 


„ 

As 233 10% 6* > Or 351. 10 U. 61d. Either of theſe 
d ſignify 35 Pound, 10 Shilliags, 6 Pence, 2 Farthings. + 
The ſame muſt de underſtood df all the following Char- 
dern belonging to 1 r 0 "i Of Ve: rights, 
hich ak 


2. Troy woight, 


The A of all 2 gbes uſed in Baglend, was 5 2006 
Vheat gathered out of = Middle of the Ear, and being 


al dried, 32 of 2 were co make one Penny 1 
20 Pen- 


_ — — 


| 24=1 F. K. Penny Weight. 


Medicines, bur 
Weight. 


"what Law it was firſt ſettled, T cannot find out in the Sie 


and ſettled b | k 
Height to thole. Commodities as are. uſually weigh 


2 * 
«a 1 % - mo "I . 
2 ii kay 2 Part T 
. 1 4380. . 0 
ns: A bo * ac —_ 


20 Penny Height one Ounce, and 12 Ounces one Pound Troy 
wide Statutes of 31 Hen, 3. 31. Edw. 1.12 Hen. 7. 

But in latter times it was thought ſufficient ro Divide the 
aforeſaid Penny Weight into 24 equal Parts, called Grains, be- 
ing the leaſt th 1 now in common ule ; and from thence the 
reſt are computed as in this Table, / 15 (oo | 
Gr. Gra. tert diess 0 By Troy Weight are 


weighed Fewels, Gold, 
430=..20= 1 OZ, Ounce, Note, ts. 8 7 , 


—— Silver, Corn, Bread, 
15760=240=12=1 t, Pound. and all Lzquors. 


F od... 20 


_- 


Beſides che common " Divifidus of Troy Weight, I find in 
Anglia Notitia, or the preſent State.of England, Printed in the 
Year 1699. that the Moneyers (as that Author calls them) do 
Subdivide the Grain. W W 
| 24 Blanks = 1 Perior, 
20 Perzots = 1 Droite. 
Thus 24 Droites ='1 Mite. 

20 Mites = 1 Grain, &c, as before. 


3. Apothecaries Weights: - © I- 
The Apothecaries Divide a Pound Trey, as in this Table. 
Gr, Grain. , 4 
a "20==1 2 Scruple. Yn 
4 6o= '3== 13 Drams. | WR rg s 
[5760=288=96=12==1 t Troy the ſame as before. 


. 


N. — 


. By theſe Weights the Aputhecaries Compound "hes 


* F 
* 


IE 4. 4verdupoy eigbe. 
When Averdupois Weight became firſt in Te; or | 


tute Books ; but on the contrary, I find that there ſhonld by 
but one Weight (and one Meaſure ) uſed throughout thit 
Realm, viz. that of Troy, (_Vide 14. Ed. 3d and 17, Ed. 3 
So that ir ſeems (to me) to be firſt introduced by Chan 
Cuſtom; viz. from giving good * * 
by 


= 


which are ſuch as are either very Courſe and Pg, or, 
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ry ſubject to waſt: As, all kind of Grocery Wares, And 
Pitch, Tar, Rofin, Wax, Tallow, Soap, Flax, Hemp, &c: 
Copper, Tin, Steel, Iron, Lead, &c. Alſo Fleſh Butter, Cheeſe, 
Salt, &c. Totheſeand the like 11 preſame) it was thought 
convenient to allow a gredter Weight than what the Laws 
had provided, which, happeried to be about a fixth part 
more: For I found by a very nice Experiment, that one 
Pound Averdupois is equal to. 14 Ounces, 11 Penny-weight, 
Wind 15; Grains Troy. And it is now computed as in the fo 
lowing Table. 


— 3) | * 
16-= 108. Ounces. „ | © 14=4 Stone... 
256 + 16 =1 15. Pounds: „ 28 C. 
| 28672= 1792= 112 = C. Hundred. And< 56.= C er Hun. 
I573440= 3 = 2240 20 1 Tun, : $4=3 of C. 


I. Long Meaſure, F 
As the leaſt part of Weight came at firſt from a Wheat 
Corn, ſo (it's generally ſaid) the leaſt part of Long Mea-- 
ure Was at firſt a Barley Corn taken ont of the middle of 
the Ear, and being well dried three of them in tength were 
to make one Inch; and thence the reſt as in this Table. 


ad 4 Nails =: of a Tard. 
A 


14 Tard EI. 
2 Tards=1 Fathom. 


Barley Corn. 
__  $=3 & lube. 
ee —%,T 
„106 {(465= | 3= 5X Þmile. 8 
3594 = 198 = 162 — 51 = 1P. Pole or Perch 
23760= 7920= 660= 220= "40= ! Fwrlmg. _ 
[190080= 63360= 5280= 1760= 320=8= 1 Mil. 
Note, That forty Poles (or Perches) in length, and four 
Breadth' do make a Statute Acre of Land. . © 
That is, 220 Tards, Multiplied into 22 Tard ABA 


dquare Yards is a Statute Act. Re 
And according to the Tranſactions of the French Academy 
% 1687, a Paris Foot-Royal is 128 Inches Engliſh ;, fix 
f thoſe Feet make a Toiſe; and 57060 Toiſe= 365184 En- 
% Feet, are the Meaſure of one Degree of a great Gircle 
pon the Sut face of the Earth. So that one Degree is 69 
les, and 288 Yards, which is very neat to our ä — 
lan Mr. Norwood's Experiment made betwWixt London and 
„ Anno 1635, who found phat 367196Feet=69 1 
| aud 


| | * 
DOG 
5 of; . 


pre - 2 . — a4. 


— * _— 2 IL 7.1 2 1 
34 Arithmeticnß. Part. I. 
and 858 Yards do make a Degree. And not 60 Miles ac- 
cording to the common received Opinion and Practice of the 
Navigators or Seamen. | = 22 
Hence, according to the French account, the Circum fe- 
rence of the Earth (ſuppoſing. it to be a trne Spherical Fi- 
gure) is, 24899 Engliſh Miles. i | 
6. Of Liquid Meaſures, ids 
All. Meaſures of Capacity, both Liquid and Dry, were 
at firſt made from Tray Weight. Vide Statutes 9 H. 3 5* 
H. 3. 12. H. 7. &c. wherein it is enActed that eight Pound 
7 75 Weight of Wheat, gathered out of the middle of the Ear 
and well Dried, ſhould make one Gallon of Wine Meaſure : 
And that there ſhould be but one Meaſure for Wine, Ale and if 
Corn throughout this Realm (ide Sta. 14 Ed. z. 15 Ric. 2.) 
But time and cuſtom bath alter'd Meaſures, as it hath done 
Weights (and perhaps for one and the ſame reaſon) for now i 
we have three different Meaſures, viz. one for Wine, one 
for Ale or Beer, and one for Corn. nat . 
have inſerted TaWes of each as they ar now computed 
by Cubic Inches, and practiſed in the Art of Gauging, &c. 
The common Wine Gallon ſealeèd at Guild-Hall in London; 7 
by which all Wines, Brandies, Spirits, Strong - wat ers, Mead 
Perry, Sider, Vinegar, Oyl and Honey, &c. are Meaſured 
and Sold; is ſuppoſed to contain 231 Cubic Inches, and from 
thence the reſt are computed, as in this Table. 4 


Gazi, _ | 
Cubick Inches. | | 1 i Rune 5 ? 
231 — 1G. Ga! 4. Shs Notes 314 make a Win! Y 
0702 = 42== 1 Terce. - or Vinegar Bare. 


14553 = 03= TF= 1 Hogſbead.” © (Vide. R. 3.) 


S 


9106= 126=3 S = 14 = 1 Butt or Pipe: : 
$8212 = 253=6,=4_=3.,=2=.1 Tus. |; 
But Do@brHybard in his Tectometry, Page 289, doi 

8 2 09, co 
ſuppoſe the Line. Gallon to contain but 224, or 225 Cul 


Inches at the mot, nag Fa ng to his account an Ex 
ment was made by Mr. Walker and Mr. Shales, two Gen 
räl Officers in the Exciſe, They* cauſed a Veſſel to be ve 
exachly: made of Brais; inform” of # Parallelopipedon, ea 
fide of ts Bafe was 4 Inches, and its depth 14 Inches, 1ot! 

its juſt content was 224 Cubic i Diches, © This Veſſel was pf 
duced at G- Hall in London (May 25th 1688) beioretl 

Hord Mayor,: the Commiſſoners of Bciſe, he eve! 


Chap. 3- Of Deightes, Meaſures, &. 3s 
Mr. Flamftead Aſtr. Reg. Mr. Halley, and ſeveral other In- 
genious Gentlemen, in whoſe preſence Mr, Shales did ex- 
Actly fill the foreſaid Rrazen Veſſel with clear Water, and 
very 2 emptied it into the old Standard Mine- Gallon 
kept in Guild Hall, which did ſo exactly fill it, that all then 
preſent were fully ſatisfied the Vine - Gallon doth contain but 
224 Cubick Inches (this notable Experiment I ſam tried.) How- 
ever, for ſeveral Reaſons, it was at that time thought con- 
W venient to continue the former ſuppoſed” content of 231 
Cibick Inches to be the Wine-Gallon, and that all Computa- 
tions in Gauging ſhould be made from thence, as above. 
The Beer or Ale-Gallon (which are both one) is much 
larger than the Mine- Gallon, it being (as I preſume) made 
at firſt to correſpond with Averdupois Weight, as the Wine- 
Gallon did with Troy-Weight : For (as ! ſaid before Page 33) 
one Pound Averdupois is equal to 14 Ouncęs 12. Penny gb 
y £4. | e 
And, as one Pound Tray is in proportion to the Cubick In- 
ches in a Mine- Gallon, io is one Pound Averdupois : To 
the Cubick Inches in an Ale- Gallon. That is, 12 : 231 : : 
1413: 2812, very near the Cubick Inches contained in an 
(Ale Gallon, as appears from an Experiment made by one 
Nicholas Guuton general Gauger in the Exciſe, about 36 Years 
ago, who by ſuch a Veſſel mentioned before in the 
Page, did find the Standard Ale- Quart (kept in the Exche- 
uer, Vid. 12 Car. 2.) to contain juſt 70. Cubick Inches, 
onſequently the Ale-Gallon muſt contain 282 Cubick Inches, 
and from thence the following Tables are computed, * 


Ale-Meaſure, © 
282 = 1 Gall. ; a Ferkin of Soap, and of 
2256 = 8= 1 Ferkin, Note, 4 Herrings are the ſams 
4512 = 16= 2= 1 Kilderkin. with that of Als. 
9024= 32 =4=2.= 1 Barrel. | | 
#135 30= 48 = 2 — I 1 Hegſbead. 


Beer-Meaſure. 
Cub. Inches. - 


282 = 1 Call. 
2538 = 9 = 1 Ferkin, 
5076 = 18 . 2=1 Kill, * 
101 52 . 36 = 4 2= 1 Barret. 


115228= === Hun, 


0 


„ 


* 


8 N. B. 


f 


7 B. This aiſtinQion or Iifference betwixt Ale 7204 
Beer-Meaſure, is now only uſed in London. But in all other 
places of England the following Table of Beer or Ate, whe- 
ther it be ſtrong or ſmall, is to be obſerved, accor ding t to 3 
Statute of Exciſe made in 1 the Year 1689. 

- Cub. 8 | 
282= 1 Goll. 
2397 = 8:— 1 Ferk, 
4794 = 17=2.= 1 Kild. 
1 | 9388=34=4=2=2 Borreh | 
Os 14382= FI=H&S=3= I Hlegſpeaa. 


| 7. Of Dry Meaſure. _ 
ee, is different both from the Wine and Mle- # 


Mea 42552 as it were a mean betwixt both, tho not 
exactly ig OE upon Examination I find to be in pro- 
portion 255 reli old Standard Mine- Gallon, as Aver- 
dupoi ve s to Lg ht; That is, as one Pound Troy 


is to one . lo is the Cubic ł Inches contained 
in the old 3 — 2 1 en the Cubick Inches contained in 
the Dry or Corn- Gallon. 
PR 12: 144 :: 272! Which is very near to 
2724 the common receive content of a Corn-Gallon, altho 
now it's otherwiſe ſettled by an Act of Parliament made in 
April 1697, the words of chat AR are theſe ; 
q Every Round Buſhel with a plain and even Barton; going 
made Eighteen Inches and a half wide throu 80 bout, and Eight 
Inches Deep, qe be efteem'd a * Wincheſter Buſhel,ac- 
cording to the Standard in his Majeſties Exchequer. 
Now a Veſſel being thus made will contain 2150,42 C#- 


bick Inches, conſequently the Corn-Gallon doth contain but f 
2687 Cubi cal Inches. . | 


"268, 8; 1e | - Note, Er and 
537, = =. es —= Corn. 

2150,44 8= 12 Baſhel. 

17203.2=64= 32=8= 1 Qarter 


I obſery'd amongſt*the Lead-Mines in Derbyiſbire (Amo 
1692) that the Miners bought and ſold their Lead Ote, by 
a Meaſure which they call's an Ore-Diſh ; whoſe Dimen- 
tions I carefully took and found them. 


5 Length 21.3 | 
Thus - Breth 6. 8 Inches. 
6. Depth 8.4 . Conſe 


r _ 
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_ Conſequently it's Content is 1073,52 Cubick Inches, which 
Wis very near equal to 4, Corn-Gallons, according to the above 
Wmentioned ſettlement. | 


| Nine of thoſe Diſhes they call a Load of Ore N 6 
Ne pretty good, will produce about 3 Hundred Weight 


f L 5 
a 3. of Time. 


nds not an eaſie thing to give a true Definition of Time; 
er (according to the Philoſophick Poet) | 
Time of it ſelf is nothing, but from Thought 
Receives its Riſe, bylabouring Fancy wrought 
From things conf, der d, whil/t we think on ſome 
Als preſent, ſome as paſt, or yet to come, 
No Thought can think on Time, that's fill confeft, 
But thinks on Things in motion, or at reſt. 

And fo on, Vide Lucretius, Book 1. 
That is, Time only ſhews the Duration or Mutation of 

hings, a Year being the Standard or 9 by which ſuch 
WContinuance or 2 is computed. And a Tear is that 
pace of Time in which the Sun (Apparently ) compleais its 
evolution from any ane Point in the Ecliptick (an 1mazina- 
Wy C:rcle in the Heavens) to the ſame Poi t again, which 
Wccording ta Modern Obſervations is perform'd in 365 Days, 
Hour,, 48 Minutes, 57 Seconds, 21 Thirds, &c. But a 
cond being the leaſt part of Time that can be truly Mea- 
red 70 the Motion of any Mechanical Engin, as a Cloct, 
Wc. (A third being leſs than the twinkling of an Eye) I be- 
in the following Table with Seconds. RE 


; 


286400 1440= 24=1Day 3 
8: 5315937 =525949 = 8765 =365 + 54+-48+57= 1 Year, 


led a Solar Year. | 


But the common Tear, uſually called the Julian Year, dot 

"fit of 365 Days and 6 Hours, and is divided into gon 

1 nequal Months, called Calender Months, whoſe Names 
ad {Vumber of Days are the Subject of every Almanack. 


To 
e- 


Hime, Tar 


To theſe Tables it may not be amiſs to give a brief Ac- 
count of ſuch Coins, Weights and Meaſures as are frequently 
mention'd in the Scriptures. As I have Deduc' d them from 

thoſe which ſeem to be the moſt Correct, inſerted in the 
Fidi x to the Large Bible, Printed Anno 1702, and com ared 
with thoſe uſed in England, by the Lord Biſhop of Peter: 


h. 
ah Troy Weight. 


The Hebrew Weights, compared with 3 O. Pw. Grains 
10 Gerahs=a Bekah=| O. 4. 13+ 
2 Bekahs=a Shekel=| O. 9. 3 
100 Sheela Manch 5 71142 12 
Note, A Shekel is ſaid to be their Original Wezght. 


; Engliſh Coin. 
T heir Coin. 1 J. 4. d. 
A Silver Men ah =| 7. I: 51 Weight 60 Shekels, 
Talent of Silver =| 357 + 11 . 10% Weight is 300 Shekels, 
Talent of Gold =15075 « 15 . 7 The fame Weight 
The Gold Dram 1. 0. 4 mentioned in Ex. 2. 19. 
The Reman Money mentioned in the New Teſament. 
A Denarius, or Silver Penny Dy d. 3 Farthings. 
0 Aﬀes of Copper S. 3 Farthings. 
Aſarium =0 . 1 Farthing. 
Quadran;=o0 ; +3 of a Earthing. 
A Mite S0. ofs Farthing, 


Engliſh Meaſurę. 
YT: . Feet- Fuch. Parts. 


Their Long Meaſures, compared with 


La 


A Fingers Breath = o. . o,g12 
4 Fingers=a Hands Breaath = ©. ©. 3,640 W-: 
__ 2 Hands=thg leaft Span o 7,290 D. 
3 Hands Breadth the longeſt Span — ©. ©. 10,944 
2 Spans = the Longeſt Cubit —| ©. 1. 9,bb 
Cubits=a Fathom = 2. 1. 34552 | 
6 Cubits=Ezekiel's Reed = 3, 1 . 1 1,325 Wo 
400 Cubits—a Stadium ==| 243. ©. 7,2 
10 Stadium Aits = 2432. ©. © wil 
3 Miles-=a Paraſang =[7296. 0. © 7 
ng 


Which is 4 Engliſh Mile and \ 256, 


- 
* 


Addition of Weights, &c. 39 
Their Meaſi ures of Capaci ty,compared with 70. 505 77 4 | 
A Cotyla = ©. * 5537 
＋ Aly = 0.0; 2857 
4. Log's=aCab =| ©. 3. 10,458. 
10 Cotyla's =an Omer =| 0.6. 1,5 
3 Cab's=a Hin =| 1. 2. 2,5 
2 Hins=aSeah =| 2,4. 5, 
3 Seah's=an Epha =| . 4. 15. 
10 Epha's=a Chomer = 75 ,5 . 5,625 


Chap. 3. 


6. 
4 
= 
{ 'v 


S EC T. 2. Addition of Weight c, &c. 


The foregoing Tables being ſo well underſtood,” as that 
youcan readily tell (without pauſing) how many Units of 
any one Denomination, do make one of the next Superior 
Denomination (eſpecially in thoſe Tables as are moſt uſeful 
for your Buſinels) it will then be as eaſie to Add, or Sub- 
RratFthem, as to Add or Subſtratt Whole Numbers, due care 
being taken in placing all Numbers that are of one Denomi- 
nation exactly underneath each other. That is to ſay, ini 
Money place Pounds under Pounds, Shillings under Shillings; 
Pence under Pence, &c. Underſtand the like in Weights 
and Meaſures, &c. According to their ſeyeral Denominati- 
ans: Then in Addition obſerve this Rule. 

Rule. Always begin with thoſe Figures of the lomeſt, or leaſt 
Denomination, and Add them altogether into one Sum, then 
confider how many of the next Superior Denomination are 
contain d in that Sum, ſo many Units you milſt carry to the faid 
next Superior Denomination to be Added together with thoſe 
Figures that ftand there; and if any thing Remain over or above 
thoſe Units ſo carried, that Overplus muft be ſet down under- 
neath its own Denomination : And fo proceed on from ont 
Denomination to another untill all be finiſbed. 


18 
46 
90 


} 

1 2 Example in Coin. 

5 WW Leric be required to Add 351. 145. 064. and 271. oz 5. 
20 10 d. and 54 l. 135.049. and 101. 17. £9 d. into one Sum. 


d 

2 Thele particular Sams being placed, as before di * 

will ftand as in the Margent. 8 Y meat 

Then according to the Rule, f I begin with the Pence (be- 
nz here the lowelt or leaſt Denomination) and Adding them 
together, I find their Sam to be 29 d. that is2 5, and 5 Pence; 


hei 
os (for 


— * 22 3 —— 
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lowing Tables by heart. 


nt 2. und 29—24=5) the 5d. I. . 4. 
ſet down underneath its own Denominati= 35 . 14 . 06 
on, and carry the 2 g. tothe place of Shillings, 55 - 02. . 10 
Adding th m and all the Shillings together, 54. 13 . 04 
I find * p oe 8 4 IO . 17. Og 
down the 8 s. unceryeath its own Place of 1 8 oe 
Shillingt, and carry the 21. to the Place of A 05 
Pounds, Adding them and all the Pounds together, I find 
wor 4 is 1 oo conſequently the Total Sum required is 
12 Lese. F 2 2 

Now, for much as it often happens in-keeping Books of 
Accompts (and in other Buſineſs) that it is required to Add 
up large Sams of Money, conſiſting of zo, 40, or more ſeve- 
ral particular Samt, nay, perhaps filling up the whole 
length of a Sheet of Paper, I humbly conceive in thoſe 
Caſes the beſt and eaſieſt way will be to part them into Par- 
cels, not exceeding above 10 or 12 particular Sums in each 
Parcel, and Sum up (on a by Paper) the Particulars in each 
Parcel; that done, Add together all the Sms of thoſe Par- 
cels into one Sum, and that will be the Tor al Sum required. 
Alſo to avoid the making of Points, or other Marks 
amongſt your Figures, it will be convenient to get the fol- 


The Pence-Table. | _ The Shillings-Table. 
8 d. 5. 8 „ 
21. 2 O. / 20=1. 120 «& 
24 =2. 4 — 7. | = 3 I40= 7. 
36 3. 96 = & . 4 2 8. 
28 108= 9g. | 80 S4. 180= 9. 

2. 120 10. 1005. =10, 


The Uſe of theſe Tables is fo obvious, that I preſume tis 
needleis to expiain them. 5 | 


Examples in Addition of Weights. 


Troy Weight. Averdupois Weight. 
15. G. Pw, Gr, Im. C. E. 15. Oh 
3. C9 . C00. 10 FRE ES bo 

5 208. . 15: 21 nnn 
. . 33 0529 2'1 © va If 
©.11. 19 . 23 1. 19. 3.27. 15 


Sm 21 4 . Og . 04 Sim 23 % CC 1 


5 f Weights, — Nt 


_ RA 2 of Long-Mealore. | 
Tards. Jt. Nails. 


Ales, Hur. 'F p oles.. Tar dx. Feet. 100 
3. 2% HEE 2 5 32 TS 22 2 9 
A 7 HDD in. 5 10 


129 1. WY te 2 I * 1 vo. nw 6 1. — 2 1 
. : 6 E TA 


ans RY Fa phy 
i ul be n 


l Ok — ft 71 be 
| red 


Fey 


ſufictent 0 eh oy any other may” be her- 


Seft. 3. publracion of Weights, ce. 


Wb ration is. but the Converſe of the preced Wark, a . 
may be performed by ere this Rule, * ” , 

Rule. Begin with the lowe/t by Denottination KG as ba 
ore in Addition) aud take or 
ures) in that plact”*. 
or ; Freng dow that * aver them 


* etting down Hemainder as we owe 12.) But 7 
3 2 wht incr 


eaſe the upper Figure 
— with due of of ie mat dee Superior Denomination, and 
— ſtraction; and ſo proceed 1 the 
r e where - you. muſt pay the one 


> {<< ELS a CrSEnT 


eme, 9 the Subirabend i at plac 
g as in gs umbers. ph W 
4 | Ea in Gun ; þ 
N . * ts 8 4. A 75 F L £75 4. 4 
Js From o be g Frem 60 1 06 


? Sub. Z - IF » 
3 238 5 7 > I4 . = WF 


The firft of theſe. N fea evident, In os {e- 
ond Example, beginning at the place of Pence (being here 
e leaſt Denominarron) Tam to take 84. from 6 d. but be- 
auſe that cannot be done, I muſt (according to the Rule) 
orrow one of the oexs:Denenungrier, viz. 1. and Add it 
othe 6d. which makes it 18 4. (for 1 4. 12 d. and 12 4. 
6d. 8 d.) then I take 84. from that: 18 d. and there 
mains 10 d. to beſet down underneath the place of 
ence, +, that done, 1 yl” 25 the © PSY Chillings, where 
muſt now pay 11. rrowed ang. 1 
m 


— 


xa 


ä 3 r * 


. eeed to the. place 


Patt . 


makes 16 — ro cannat bay; but: 16: from 30 = there 
Remains 14. That js, I borrow one. of the next Denomina- 
tion, Viz. 11. and add it to the 103. 'which makes it 30 3. 
Cfor 11.= 205. and 20-10 ;o) having ſet down the hog 4 
maining 14 5. underneath its own place of Slings, 1 r 
of Pounds, where paying the 14." bor - 
rowed,it will be 1 berrowed and 9 is 10 from 9 cannot t 


10 from 19 and there Remains 9, and fo on as in whole "Ip 


Wiembers until all be finiſhed z And the Remainder will 8 
1791. WEBS; 5 

This Example being a little confderel will” render all "A 
others in this Rule eaſe. ; *% 


y: 


—— eee in | Weights. EY 
Fey Heigl. Kanes net. 

Bs *. et. gr. c.. gr. 15. or. 
From 9. 10. 16. 18 e Wo 
Tale 5 18. 22 14318. 12 

ech. 4 0 17 20 Refts | 2 

Examples in L e q 

"gw, grs. mails, © miles. fur. pol. yards. feet. antlers 
From 78 1 . rn 
Tax 28.8. 22.42. 7. 


1 '4- 38 4. 0. Th 
| Example in Ine. 


Sect is 

From 27. 18 35 3 31 

Sara 16 21. 425 1 
FNemains 10. 20. 48 . 45 _ 
The Proof of Additiog and Subſtraftion i in theſe Number 
of diffe ent Denominations,.15 the very. ſame with that 


umbers in Page. 13, I ſhall thefefore refer you. t 
tar place, and omit repeating it here. 


ect: 4. Of Reduction, 

of Reduition, ? Nuinbers of different. Denomitations 
6 brought into one Denomination. 
18 ir aftèr str changes any Superior Danes 
col zwt6 angülmerior or rLeſſen eien regung 


Nill keeping them equivolent ir in value. And by that means 
hey become fitly prepared for Multiplication and Diviſion; 
aich otherwiſe could. not ſo een, be performed. 
Therefore the buſineſs of Reduction is ve uſeful ; in the Rule 
Proportion (commonly called the Golden Rule, or Rule of 
rec) eſpecially to thoſe who do ;notcunderiand either 
ulgar or Decimal Fractions: And it's thus performed: 


ule. Conſider how nits of the:Denomination re- 
wired, makes one of Fer Dido propoſed to he Redu- 


ed (which is eafily known by its reſpectiue Table) and with 
5 Number of Units, Maltiply the Denomination fropo- 
„and their Product will be = lumber OY 


Example in Coin. 


Let it be required to Reduce or "which 3 
ings, and thoſe Shillings into OWE Whic Gal 
In value with the 3571. 


tiply with J. uke Melde in eib Pound ö t 


140 = the Shillings in 357 11. 
rply witk 12 27 the Pence in a 


w is 24 2428 1 
N 0 N £714... | ente 
; png ns tg in 3571. as was ce 


. 7. 1. may be.Reduced into bart at one Operation. 


357.4. 
158 with 1 22 the Pence contain d in one Pound, 


88. | 


cD TY TY ” 


* * — 
*; a . L „ — —__ g . — * e 
e 


— 


1 i Shi 
he egu3] 


wa 
* 


8: 75 


ate that are o- 


de $a Ahe baun. 271 'as before. 
mat less Denomination t erb o 


But when the N 
eral „ 

he next lower Denon ET: Nö nder ald e Num- 
erf that are of that Denomination, and ſo proceed gradually 


he loweſt ; you muſt 
unation to "he next. ich, 
e all lis done. * 
171 $854, 8 8 7 Example 


| Eben rchig v 
8 to Reduce $73 75 6. - 104. 5 36 . into 
OST ban NY , 


0 \ » " - . * g a \ 
a) „ * L = 4 53 : 14 Ti 4 3 . 04 4 


| 1 a * * . 
375 37. ee Rods 0 Wietze (8 


. . Ti E223 bo m Wiener YN IRS 
e 1 Ne ee 
| Te ag SR, EE 17% J ted var 
e 8 + 2 | ver Boot ust At = 
15034 5 
75317 | | 
Dae the Feen 151 oY Pain at 1 
| * 16 4. | Gul TA 1 
1 the Palles't in 3754. 175 mY 


e the Farcbings in 975k. 295 40% 


AX IS ibs 
75h 176: 104. 34 a8 mas requirad 


—- 
360859 368859 Farchimge= 37 
and all other Operations of this 


The work of this Eran 
Lomb be r tned by obleryMuthe Following 


91 T7 2%, ec \tj a * 3406. 80 


e 0 75. 10 d. 
nr 24 Aar 4547 4 Ain the „ 
Jr ES 
as -es lin e 104. 
150 4 So "* — 


— * 
Alan ind 


* 


WW 
N 2s pi * UH * ab Rs 
-.F - — EF - = n 


4 


fr 


2 BIG 4. es 
e 3478. 
A * „ 55 E- I n e (9:17 tut 


Is 
45 Ann 104 * ny by Hy wi 1 508 Kean W A 179 


gon Horeorg 2 


itht 1 10 - Hg 40! 30 


i be require ho 1 55. 
2 5+ 3B rale 
ef Denman we. 5 ee 


e 3 es ce bh qui ed _ io 515 bad n 
nh ei fl 15 "10 


SQA; 1 80 


ma 
bel 


5 29 Ib. 80. 18 pwr 2155 
lang wit — "em in rho Add inthe 875 
1 


ont Wo 20 1 


5 ( 
Dry . 


5 the oer in 29 * goed | 2 
tiply wi > th pts, in ox. and Add in the 1 


138= the pts, in 29 5. Boz. l. 
lh „with 24 k 2 I * and Aad in the 21 er. 


I - 4 


—— 


171333 the Grains=29 i i. Bo: ox. 8 por. 21 gr. 


Theſe two Examples at large being well underſtood, ma 


| y 
ute to ſhew how all Operations of this kind are perform d; 


either in Weights Meaſures, or Time. I ſhall only inſert 
few Examples of each ſort for 


the Learners practice. 

1. In 23 C. 3421 t6," g. or. Averdupois Weight ; How 
any a>  Anſtdtr 42905 Ounces, © 

2. In br neliſh Miles, How many Yards, Fret and In- 
* er 443 155 Tards=1330560 Feet =15966720 In- 


ch 5, . g 


. — How. many Days, Hours and 
15 nuts, Ren 61 Days, 14832073 H Hour Fa 889924320 
nuts, 


Note, a com Won me 365 Days, 6 Hours, ſee page 37: 


+ * 5786 Poundi, 7 il o Pence Srerlig: How many 
15 5 Pence and Forth 488855 4 RAGS 
Anſwer, 737 4. 13 3 d. or 5555412 Fart _ 

Th at is, 37800 17 9. 4115737 5. 94. =F1388853 d, & 

The next thing will be to ſhew how to bring * 


from a leſſer to a greater Denomination, Which by mol Au. 
thors \ is called (tho' very improper ly) 


Reduction Aſcending, - 
This work i is the c nvetſe of all, and is perforar 
by Diuiſon. Thus; 4 Lis - 
Rule. Conſi de — n. of DM proeſed, 
makes onetuf the Denominaton W an pn 152. 
ber your Diviſor, by which Divide the Denominatiori props- 
20 2 4 * Quotient will * the . required. | 


* 


- 


1s 
Ng 


* 


Example. 


A 

Example. he. V 

Let it be required.to fd how many Shillings and Pounds 

are contained in 85680 Pence. 

The Pence in $4 are 1125 _ (7140 s. 85680 d. 
el the Shullings | in 1 are 20 2.7149 ( 357 4. the and 

N Ather Exangte — I 


How many Pence, Shilling and ws are contained 
W n EMS 50 


12) 20) 
4) 264859 P (5517 5. ( 


0 Part J. 
r 


8 44 * 62 + 1 gte: 
, E 2 e M Fa T 
f Oz 24 1771. 155 n 5 


19 (o.... | 
Remains 6577 7 — che Nenaindef is always of the fame 

| Denomination with the Dividend. , © - 
The laſt Quorien 2751. together with the ſeveral Ke. 


ers, gives th * wer required: 


* b Viz. 2751. 175. 10 d. 7726 64859 Farthings.. wy 
Example in Troy-Weight. 


A it were required to find" ky * ng 085, 
are contained in 171333 Grains e Tam 
| 20 173383 n, — 2528 . 7236 *. 
168 *** 2713, n 24 35 n 
e 718 116 WN 
1 4. 24 8 5. 108 43 £ by | 
Ay 1 2 * 493, VION R- : 173 e, 142858 91 
wh. frog vd dad et etc SO 107% „ 45090 5 rat 
"203 { ror d och) Pee ej 148 
192 8 
Remains (21) 87. Ee 


4 29 it. Boz. Tab 21 gr. This * the l. ſt Ee 
ple are the feverſe on peophot: gr; Thi. Hage. 0 48 
1. In 42905 Quaess. Averd lapait Weight 5 1 105 


Po PF, Bs 110115 Jv at Nie „Net . r M 


iS 3 290 bus 
M en SS 2 a NN ee. 0 F 
6 R 


J. 
* 7 2 
* 98 93 1 L 


C 


hap. 3. 


— — 


28) 9 4) oy 
Thus 16) 42905 - (Br . ( . (23 © 
. 


230 107. 
1. (9) (21). Anſwer 23 C. 3 97. 21 It. 9 oz. 


2. In 15966720 Inches ;, How many ng Miles, &c. 
Anſwer 252 Miles. &c. As occaſion requires. $ 
= There are many uſeful Queſtions may be anſwered by help 
f Reduction only; As the changing of one ſort of Coin for 
another; and comparing of one fort of Meaſure with ano- 
ber, GS.. bert r 
== For Inſtance; Suppole one had 347 Rex Dallers, at 45. 
. per Doller; and delired to know how many Pounds Ster- 
A they make. | 


ne ile Pence in che Doller, vir. 4.8. 6d=544. 
| „ 
= 12) 187384. (1561 5s. (781. 
. . 
: 73 (1) 


Anſwer 781. 1 5. 64d. Sterling are=347. Rex Dellers. 
Lok. 2. In 645 Flemiſh Ells;, How many EIA Engliſh, 
ote, 3 Quarters of a Tard Engliſh makes one El Flemiſh, © 
nd 14 or 5 Quarters of a Tard is an Engliſh Ell. 3 
Irene. 6s... 2G 5 
„ =the grs. of a Tard in 1 EI Flemiſh. 
ri. in one EI 5) 1935 (387 Engliſb Ells for the Anſwer. 


Queſt 3 Syppeſe's. Bil of Exchange were accepted at 
London, for the 5 400. Sterling ;, for the value 
leliver'd at Amfterdam in Flemiſh Money at 11. 13s, 6d. 
of one Pound Sterling. How much Flemiſh Money was deli- 
ercd at Amſterdqawꝑur-. | C 
Firſt, l. 13 5. 64.4024. the value of one J. Sterling at 
Th ad Ke ad a ok Rank ach. - 
A ACN, 402 4. & 400 — TIQO000.4, = 0705s, Fremmp, and io. 
luch was Jeliver'd at Amſterdam. CHA 8 


) ec Ar. . 
% en Sen 


8 EC T. L. Of Notation, 


'A Hallun ot, Brolin dare, 1 05 * «pay repreſents 4 ] 
Pars or Parts à ing e x- 
reſſed by two e opp * the her with a 
Line Leto hay _ 
4 3 & 

The 1 Dans: or * Bonds Nia 8 the Liv | 
denotes how many Equal 7 4 N | 
Divided into( 2 only the ui ſion. "And 5 
Numerator or Number placed a oe = Line, ſhews how. 
many of thoſe Parts are contained. in the Fraſtion (it — ing 


the Remainder after Diuiſon.) (See Page 29.) And th 
admit of three Diſtintions. 


| Proper or 9282 
Viz. 5 8 Flns 


Compound 


A proper, pure, or Simple Fraftion, is that which is le 
than an Une. That i is, it repreſents the immediate Part or 
Parts of any thing way than the whole, and therefore its 
Numerator is always leſs than the Denominator. 


is one Fourth Part. is one Half. 
As} ; is one Third Part. And 33 3 is to TH Kc, 
An i Impros oper Frattion, is that wave. is Hr reater than a 
nit; That is, it repreſents ſome Number of Parts greater 
than the whole thing ʒ And its Numerator is always greater 
than the Denominator. | 


As 4 Or 2 Or 4 Le,” 


A Compound Frattion is a Part of: a Part, conſiſting of 1 
veral Namerators and Denominators connetted together with 
the word (of.) 

As J of 2 of 5, &c. and are thus read, the one Thirdd 
the three Fourt 5, of the two Fifths of an Unit. 

That is, when a Unit (or whole thing) is firſt Divided 
8 any Number of Equal Parts, and IJ of thoſe Parts 


Le, 


Subdivided into other Tot and fo on: Then thoſe ll 
art 


— | — —— — — — 
WChap.'4. Of Uulgar Fractions, 42 
1 Parts are called Compound Fraftions, or Fraftions of Fratti- 
4s for inſtance, ſuppoſe a Pound:Sterling (or 205.) be the 
it or Whelr;, then is 85. the 5 of it; and 65. the 4 of 
= hoſe two Eifths, and 25, is the I of , thoſe three Fourths. 
. 2. Jof 4 of + of one Pound Sterling. 

All Compound Fractions are reduced to ſingle ones Thus, 


Rule. Multiply a rhe Numerators into one anot her for a 
umerator, and all the Denominators into one another for 


Denominato . 5 10 
Thus the + of 4 of + will become 8. Or 4. 
or 1x3x2= 6 the Nymerator, and 3*4x5=60 the Denomi- 
ator, but 27 or tz of a Pound Sterling is 2 5.. As above. 


Cell. 2. To Alter or Change different Fractions into one 
Venomination retaining the ſame Value. 38 


In order t6 gain a clear underſtanding of this Section, it 
vill be convenient to premiſe this Propoſition, wiz. If a 
umber ee two Numbers, — other Numbers, 
he Numbers Produced of them be in the ſame Propor- 
17 that the Numbers Multiplied are, 17 Euclid 7. 
hat is to ſay, If both the Numerator and Denominator 
f any Fraſtion be equally Multiplied into any Number, their 
products will retain the ſame value with that Faction. 
W 4s in theſe, 11 12 Or $ $5=$+- Or f= Gr. 
That is, 4 and $. Or 4 and f. Or 4 and 45 are of the 
ame value in reſpect to the whole or Unit. 
From hence it will be eaſie ta conceive how. two, or more 
Hons that are of different Denominations, may be alter 'd 
r chang'd into others that ſhall have one common Denomi- 
ator, and ſtill retain the ſame val ue. 33 


„ bee. „ 12 
Let it be required to change 3 and + into two other 
rattions that ſhall have one common Denomi nator, and yet 
etain the ſame valle. 
According to the foregoing Propoſition, if + be equally 
tiplied with 7, it will become 45. biz. 5 * T. Again 
} be equally multiplied with z, it will become 27 viz. 
*}=2.. Arid by this means I have obtained two new Fa- 
tin, £4 and 2 that are of one Denomination and the ſame 
alue with the ine H and t 


4 


k 
þ 


Allo 


* 


- _ — 0 04 we r 
—— — 
oP a 5 - — 2 1 p 
a . — * 8 — 
1 * - w — 


» 1 — 
- 4 : — — 


/ $ © Vg © * 
— — — a of 
—— — 
„ 1 1 4 "= * 9 - * x 
_— ®..\ * d d ; * 2 * | : 
9141 aA 4 ; * bf w 6 1 * 
0 * 4 1 a . * = 4 
- * N oy : 4 
. i 2 8 <a „ — > 5 — * — s — 4 = 


And from hence doth ariſe the General Rule for bringing 
all Fractions into one Denomination. 4 

Rule. Aulriply all the Denominators into each other for 4 3 
new (and common) Denominator. And each Numerator im. 
ro all the Denominators but its own, fer new r 4 


Example. 
Let the propoſed rations be, TE 4. 4 and 5. 


Then by the Rule. 


enaminater And the new Nanette with 3 
| us found.  'thas found. - | | 


Han is the common mee 5 And 140 a 168 
315 . 360 are the new Numerators, which on HR 


Fraction· wiſe are 428 $35 #8 . 124 the new af 
required. 


That is, = „ - $453 =4-- and $835 - 
Seck. 3. To bring mix d Numbers into to Fractions and 


the contrary; - © 
Mix'd Numbers are brought into improper Fallen 


the following Rule. 
nitegers or whole Numbers, th t 


Rule, Multip! ' the 
Denominator of the given Fraction, and to their Produc 


Add the Numerator, the N be the Numerator o i tl 
F raction reguired. 


7 RS 8 .® & 2 [ 


it 7; - 


97 by the Rule will become 2 For r 
4 == the improper Fraclion required. 


Again, 1377 will decome 1 . For e 

22 THR. I And fo for any other as occaſion require: 
o find -the 1101 . of 45 improper Fraction 

Lor if N 2b 


only the converſe of this . * 


evident: 


. ͤ —ͤvA Te 
1 ident: Then i it follows that if 4 be Divided by 55 the 
WD tient will mY IF: And if 206 be Divided by 15 it will 
1 give 2313.6 nſequently it follows, That 


e inertia £ impropen Fraftion, be Divided b 
Toke Numer the Quotient will Oe the true value of | 


pe Feten. 
Examples. e 
473 And 44 =4: And 4 46,3. Or*$=34 Se, 


When whole Numbers are to be expreſs'd Fraction- wiſe, 
is but ings them an Unit for a * Thus 45 is 
= 9 is f. and 25 is f G. 


Seck. 4. To Abbjeviate or Reduce Fractions into their 
oweſt or Ful Denominatian. 


This is done, not out of an nbcellity, but for the more 
onvenient managing of ſuch Fractians as are either propoſed 
n large Terms; or ſwell into ſuch, either by Addition or 
therwiſe: Beſides it's moſt like , Artiſt to exprek or ſet 
own all Fratctions in the , erms > And to 
rform U 8 will be neceſſary to couler 8 of theſe fol· 


Numbers are either Pzime or Tonpoled. 


1. A Number is that which can only be Meaſurea 
y an * 8 5 7. Defi. 11. | 
That i Sz 11. 13. T7. &c. are ſaid to be Prime 
umbers, becauſe tis not poſſible to Divide them into equal 
arts by : any other Number but Unity or 1, 

2. Numbers Prime the one to the other, are ſuch as only 12 
4 on Meaſure, being their common Meaſure. Eucli 
7 12. 
For inſtance, 7 wo. are Prime Numbers to each other, 
ech they cannot be Divided by any Number but an Unit. 
nd g Ne 14 are alſo Prime Numbers to each other, for 
tho 3 will Meaſure or Divide 9 without leaving a Remain- 

r,yet 3 will not Meaſure 14 without leaving a Remainder ; 
gain, altho' 2 will Meaſure 14 without any Remainder,yet 2 
ll not Meaſure 9 without leaving a Remainder, &c. 

3. AC is that which ſome certain Man- 

W Euclid. 7. Defi. 13 | 

For inſtance, 15 is a lip oſed Number of 3 and 5 for 

3155 conſequently 3 or bs juſtly Meaſure 15. Alſo 20 


Is 


4 *; #7; 5 


+ 


„ „ 


to be abbreviated, it will become 


— Wks, Fre © þþ 


is compoſed Ts VIZ. $x4=20, Therefore © 4 and 4 2 
will each ultty Af feof e 20. I 
ot: 72 ers compoſed the one to the other, are they which Y 
umber being a Lo rp Meaſure to them both doth i 

Aste. Euclid 7. Defi. 14. 3 
That is, If two or more Numbers, can be Divided by one 
and the * Diviſor; then are thoſe Numbers ſaid to be 
compoſed one to another. 5 
For inſtance, 14 and 21 are Numbers compoſed the one to 
the other, becauſe they can both be Meaſured or Divided 
by ef | For 7*2 =14, and * therefore 7 is a com- 
Meaſure to 14 and 21. cv if wo. were Ore 4 


Thus 3 7) SL 


| 7) 1=3 Ry 

And bow thoſe pen common Aeaſures may be found 
comes from Eucli 0. 1. 2. 3. and is thus: A 
Rule. Divide thi . Number by the leſſer, and tha 
Diviſor by the Renatnder (if there be any) and ſo on com 
nualiy until there be no Remainder br hen will ox aal 
Diviſor be the great eſt common Meaſure (and if it happen ulifi 
be 1, then are thoſe Numbers Prime Numbers, and are al 
ready in their loweſt Terms, but if otherwiſe) Divide the Num: 
hers that laft Diviſor, and their ere * le 


[ eaft erm, required. 
Example, 


Let it be r vired to 5 the greateſt common Meaſn 
of 72 and 108, viz. O ti 


72) Y 


* 


r Mates mY 15 Acad 
to 5 the loweſt Terms. 


A ain, to find the n common Meaſure of 7 
oY 9. 


Therefore a 3 — — 


* * 3 - S Yy- ** * 4 — 2 . . 1 af 6 * 1 4 - * ” 
of MAES 1 5 8 off. : Th 
* 


„ „  & 3 9 
Ke 


4 N 
f 


Chap. 4. Of Unlgar: — — 

| a Thus, 744) 899 (1 . * 

1552 744 (4 
620 


T24) 155 (1 
321) 124 (4 
52 - 
. 


nere 31 is "Bye" to be the greateſt common AMeaſure 8 
a nich 4 and 899 may be Abbreviated to 24 and 29 het | 


| ſt erm.. | | | 

12 Thus, 11) 355 (=38. Ge. 
= Note; If the Propoſed Numbers be even, they may be 
: 9 lower by a continued Halving of them, > long as 


F- f Example. Ae 
ban Tis required to Reduce {+ to its leaſt Terms, 
no Firſt, 2) $4 (=435- Again 3) 4 (T. 


lat This done, you may eaſily perceive that 7 will be the 
« 4 Wommon 2 to 7 and 1 3927 2 s. x 

* If the Numbers propoſed to be Reduced have each a Cypher, 
Lo. Ophers Amertd to them, they will be Abbreviated by 
 WEutting off a like Number of Cyphers from both. 
thus, 333 will be 3. And #22 will be J. & 


fn hat is, 88 =. and 3882 allo$$$=45$=32=;2 
- *; Set. 5. Addition of Fractions, 


What hath been dotie by the Rules in this Chapter; is chief- 
to prepare and fit Frattions of different Denominations for 
ladition or Subſtraction, as Occaſien requires. viz. If they 
re Compound Frattions, they muſt be Reduced to Simple or 
hure Frattions, per Rule, Sect. 1. „ 

If they are of different Denominationt, they muſt be al- 
ered or chang'd; per Rule, Sect. 2. . 

That is, all Frattions muſt be brought into one Denomina- 
ian before they can either be Added or Subftratted, and that 
eing done Addition is thus performed. * hs 
Rule, Add together all the Numerators, and their Sum 
il be New Numerator, ander which Subſcribe the Com- 
D ooo ET 1 Exam. 

N RYH Tx Ni q 


. * * 3.7 


— EEO ow 
| Artthmettck. 3 Part. I. 4 


! in Dimple Fractions, ® 
2 it be propoſed to Ada 3, 5 and 4 together. a 3 
2 28. gay and 4 223. per Sect. 2. Then 2 +23 | 
1 3. the Sum required, which according to Seftion 3. | 3 1 
is 138. viz. 8 =S. = 
1 Examples in Compound Fractions. 
| Let it be required to AST and 4 of 4 into one Sum. 
Then 4 of 4 becomes +£ or 4. per Sect. 1. And (per Sect. 2.) Wl 
and is 4 and v4. VIZ. e e 22 
the Sum Reguired, viz. 74 of = | = 
| Examples in Mix d "Humbers. 
Tis required to Add 53 to 74. theſe per Sell. 3. win be 
AJ and . And £7 and 24 will become $2 and $4. per Sect. 2, 
Then 72174143, and LEk-—=13 x3. the Sum \ Required, 1 
Or you may bring only the Fraftions. to one en 2 
Thus, 53 and 74 will become Ja and 742... 3 
Then 57 71211. That is, 1373. As beſore. 


Sect. 6. Subſtracton of Fracions. | 8 

' Rule. Subſtract one Numerator from the other (according 

as the Queſtion rb and their Difference will be a new 
Near: under lich Subſcribe the Comes. Denominator, | 

as in Addition. 4 , | 

Example I. 


Let it be required to take 4 out of 5. Firſt 3 and +. per 
Seft. 2. will become g and 43. then 43 : —6F=6» daß 
z. As was Required. | „ 
Example 2. 
His Required to Suhſt ract FF of ; from 14. Firſt, 3 0 
. per Sect. 1. Again 3% and 44 will become 377 * 
71 per Sect. 2. Then 441—374 1 


Example 3. | 
From 65 Subftratt 3434. Firſt, 66 =. and 342=244, 
per Rule Soct. 3. „ and Kg. per Rult 
e 2. Then HH —1434=4M}=2t44=244. Or other 


wes; ' "4, 
: 
yi 


PX. 
54 
- 
« bs. 


„ 


erer 55 


A HRT] — — 
W wiſe thus: Firſt, 65 t, then bring # and 243 into one 
WI Denomination, viz. 5 5 and 34} Iz. | 

_- Then $934—33H3=2387 2 As before. 
YN Example 4. N 

eri be required to Schr act; 2 from 7. rut. 
b of 4 of rg. And 7=6tH8. | 
hen i- ei- of J of 4. As vas 


Wrequired. | 
on "If theſe few Examples be well underſtood, the whole Bu- 
ies of Adding and Subſtrafting Vulgar Frattions will be, 
eiiie; which is really much more difficult to perform than. 
= ither Multiplication or Diviſion, as will appear in the next 
Gion. 
"Set. 7. Pulciplication of Fractions, 

= In order to perform either Afadtiplication or Div; 
uſt prepare the Terms to be Multiplied (or Dd? 72 I | 
x Reduce ompound Frattions to Simple Ones, per Set. 1. 
ſixt Numbers into 1 Frattions, and expreſs Wh . 
Numbers N 3. Alſo it will be convenient to 
bbreviate them to their ſmalleſt Terms when it can be 
one. Then cation may be thus performed. 
Raule. Multiply che Numerators one into another for a 
New Numerator ; and the Denominators one into another, , 
4 or a Neu Denominator. And in theft 

I. The Produłt of + into 2. That is, # — 1 

2, And the Pradułt of +4 into 282412. oe. "© HET 
3, Again, the Product of T7 into F of 277. Or FE, 
For 1 of +=45; Then Fr = ii. 

4. Let it be Required to Multiply 6 with 3+. Theſe pre- 
dared for the Work will ſtand thus. J. pr 
viz, G and 35 =*5- Then R 1 —=i22, a0, 
Or otherwiſe thus, 6x3=18. And $x6=*5=2+. 

Then 18+2+=20j: As before. , | 
5. Let it be required to Multiply 7+ with TY Firſt 
==. and Af. Then £Zx45 =2$+£ —g025. 7 
. Now the Reaſon of this Rule for Aultiplying of Frations, ' 
ole nd conſequently of theſe Operations, and all other perfoxm- 


er- d by it; will be evident from llowing. ao 
vile | Vita 


L * 5 
4 


ol 
and 


—_— if 2 + be Moultiplied With is accordingto the Rule 
their Produtt will be £83; But 3 28. 
Now 3=2. and *$=4 per Set, 3. But 8. ergo be. 


Seft. 8. Diviſion of Gu 
-The Fractions being me bares as before directed, 
Diviſion may be thus pe 
Rule. Multip! the — ad of the Dividend into the 
Denominator of the Dividing Fraftion for 4 new Numerar 
tor: And Multiply the other Numerator and Denominagos 
together for a new Denominator. 


Examples. 8 8 4 


1. Let 7 be Dividedby 4. Vizt) 7641 he Ouotient. 


That is, according to the Rule 6x7=42 the new Nume- 
rator, and 35x3 =105, the new Denominator, &c. As above. 


2. Let it be required to Divide 2 by 13 Vix. 729290 177 


For 12*x20=240 the new Numerator, and _ 
the new Dermud, &c. as before. 


3. Suppoſe it were required to Divide 12 by 1 of 5 
Firſt, ; of 7 =35- Then 3 17 * (s Sf. 


4 Let 205 be Divided by 33. vix. 124 by 23: 
For 205 ="5 1 and 34 ==. Then 24) s the Que 


$5. Let it be Required to Divide 4034 by. 
Firſt, 40 312 2, and 57 =. Then 22) 34“ (41 
But 12 2131 =75 the true Quotient Required. 


6. Suppoſe | it were Required to Divide 13 5 Fe. i 
Firſt, 33=34, Thee 2 * is, the Quotient. 0 


7. Again, let it be required to Divide + by 6. 
Vi 2) ( for the Ouotient, Required. | 


N. B. From hence you may obſerve, "that = any Whol 
Mambo: | 15 Piddded by a Fraction leſs than Unity Fs I, i 
Quotient wilt be greater than the Number pr to bel 
vided: But if am Fraction be Divided by a dle Num 
ber, grat er than 1. Then the. Quotient will be 1 c! 22 
Dividend : As in the two laſt Examples. 5 


Chap. 5. — — 
As to the 2 ar P roof) of this Rule for ern Fro: 


| lions: : Tis onl the | eto" that of Fi cation, 
Wand will be very exigent. from this following... * * 1 
Let . be 4. Which according to 1 


| is 2) * =. Tie true 
4 £=2, 5 Sed. 3. Conſ⸗ 
3 ma the fame with 8 1261 
SO otient lor c 

1 — ian, or beit the 


Quotient. 5=8. 
tly $3 Divided. = + is 
2. WK. 2) 8 i The 
ave inſerted Geometrical, 


| Rules of Multiplicat ion and 
Diviſion of Fr 1 bat ſuppoſing the Learner purel 
8 nacquainted Judt 8 o Demonſtrations. I — 


| ht. 
; 2 might be more n to him, e o this 
: - ace. 


„ „„ 232 TO goes” v6 4's 4-4 - Das. ws » we 


. * 9 p — 
3 * , 1 
q . 


ä I 2 * 5 4 P, V . x; 

13 WER: Of Deoimal ; — 

2 Whew or by oi this Bee, ine, f Decimal Fs | 
Withmetick; war ixr7odnce cates ni f dg, 

+ ume, aud chr ebert, 


S x. Of ae 


* Integer or WW hole Thing < 8 
ealwe, or Time, &c.) Is ſuppoſed 
i 2 5 every one of thoſe 
ACE Info - | FO Fe e's 


| "in, *2,0” 1605 1 1 £ 72335 Ge. * 
e Lee arp ſeldom or never ſet dowu but 
2 me: 


ators ; oſe are either diſtinguiſhed, 
frm hoe i Numbers by a Point or N 
hoh Thus, J, I 18. 3550s 3518 Ce. 
bat be Lore 8 farcker ; . it will be 
venient- for the — .of the following 
ble 0 taken out. of 3 dne þ 1 Oughtred's Clavis Ma- 
| matica) Which e very Founda dation of Decima 
1015s, 


4 
5 


Whois 


Achmed 
. | Decimal: . 8 


— ——————— 


e 

ir 

SET EIS, 
* | I 
eis 


* 
2 

Fu ſnoq 

Ye 


By this Table ak, that as in | whote-Nunbers « 7 
Integers, every Degree from the Units Place increaſes to 1 
wards the left ha 11 a Tenfold Proportion: So in Decina 
— every Degret is deereaſed towards the right hand b 
the ſame Proportion, viz. by Tens. a 

| Therefote' theſe Baue Parts of Frattions are real 
more Hemogeneal or — Whole Numbers tha 
Fulgar Fr 43 -or in x7 lain Numbers are in efled 
but Decimal Parts wendy another 

Numbers, as 4 


That is, ſuppoſe any Series 2 felt 

&c. The fir 4 towards. the is Ten times th 

Value ofthe 4 in the middle, and that 4 kg ng n 

Ten times the Falke of the laſt 4 to the Ri 

but the Tenth Pt of that 4 on the Lefi 
Therefore all or any of them may de bs 1 

gers, or Parts of an Inger : If Integers, then they muſt | 

{et down without any Comma or Separating Pome betwil 

them: thus, 444. __ if Integers, and one Part or Frati 
ut a Comma betwixt them. 100 a 2 11 

hole Numbers, and 4-7 "Tenth 

Places of Parte be Fequingd * them ut * — 

4; 44 viz. 4 Unie, and — d Parts of an Once & | 
N hence ( duly —.— with the Table) it Wil 
alie to conceive that. Decimal Parts take their Denominan 

fem the Place of eir laſt Far. 


- 


S1 * 


| 5 | 
Weis; That 4 * . 5 1.4 Fart jo an Un, Kc. 


Ke 4 


— 


Chap: 5- Of -DertualiFxactions. 2 


Ophers Annex d to Decimal Parts alter not their Value. 
ks 0 and ,500, Or , 5000, Cc. are each but 5 Tenths of 
n tne. For 138. And 148 2.8. Or 33385 =16- 
Per Seft. 4. of the laſt Chapter. ; 

But Cyphers prefix'd to Decimal Parts Decreaſe their Va- 
ue, by removing them further from the Comma. 


< 528 5 8 FAT) 
ram, 3 O 5 Pars of a Hundred 


— — 


1 £ P 0 _—_— 
. — LS 


= Parts of a Thouſand. 
0 3 J Pars of Ten Tau, xc. 


= Conſequently the true Value of all Decimal Parts are 
non by their Diſtance from the Units Place; the which 
eing once rightly underſtood the reſt will be eaſie. 
Se. 2. Addition and Hitbltzacion af Decimals, 
In ſetting dawn the propoſed Numbers to be Added or 
uftrafted- great care muſt be taken in placing every H- 
. diretly underneath thoſe of the ſame V alus, whether 
Whey be Aix d Numbers, or Pure Decimal Parts, and to per- 
rm that you muſt have a due regard to the Comma's or ſe- 
darating Points, Which ought always to ſtand in a direct 
ine one under another; And to the Right: hand of them 


refully place the Decimal Parts according to their Reſpe; 
Je dire /alaes or Diftances from Unit. Then 

Add or Subſtraft them as if they were all Whole Naw: 
p 5 And from their Sum or Di ce, cut off ſo many Deci- 
.c alPatts as are the moſt in any of the given Numbers, 

ſt Examples in Addition. 


Let it be required to find the Sum of theſe fallow 


bert, viz. 34:54 65,3+128,7-1-95-4-87.$47.9, whic 
e eee ee 


I heir Sum required, 


| =_ = 


—_— 


F 
3 
+4 

= 
+ CY 
= 


> Y - 5 
a = * — — 
mY 1 þ4 * — 
\ <4 _— U 4 — 
N - 4 -. wth 2 8 —_—— — . 
1 K —— by - — . — 

"_— 8 by _— 

* . 


1 
„ I = 0 


18 it bs cijbirec? bs 
ES 


2 2H; po Na } 148 
as , 

I Atti v1 

N 


. ene bel. 


Wh N arts 1 be Aided ( or 8 
ftratte, hive not the Tanfe al. ices, you may ſaſ 
or 2 


convenience of Operation the "_ 3 
on Qpe 4 angler, m_—_ 55 


es. r 
2 1. 
89, 


| * 5 


+ Ct 3 r 
n e 


E=0 1 £..—_ 8 0 2 
208 £ — 2 . 0 1 8 * 
Y LT a *- 

o Le. ih q - 

8 en 3 TY - 


. — oil 

fee he Fre: tha 2 
| Example 1. 

ba 1 From 42 284 74 973 4 - 

1 ei 43 * 17,1] 1 


Remains ; 
| winple 4. 
- Let & rr the Pxcek A 


93,5784 | Example 4. Dat — J. 
That is, From 562, From 34,7578 
n Take 9327784 Take m 345 
theExceſs.  468,4216 | 188,7578 - 
Note, The two laſt Examples areTuppoſed to be ſupply 
with Cipher, * if atually done would ſtand thus, 
$62,000 "© 34575978 
93,5704  - - T57,0000" 
Remains # 44G As before, 188,7578 5 


: * 
& * 


—_— 


„ vans! Example 6. 2 Example 7. ; 71 Feet. 
2 04547693. From 1,000000* | _ 
ake  6,439758 Take 0997543 / 
Profol ace ad ere in Projmats is th 

ue 77940 tion, tracliun in Decimals is 
ſme with that of Whot: Numbers, Page 13. Cc. ? 


' bd 131 5 66-328 . A | 
Set. Ze Pul:iplication of Decimals, 


= Whether the Factors or Numbers to be Maltipliedare pure 

WD cimals, or Mix'd. Multiply them as if they were 

Viele N for the true Value of their Prod 

t 4 iblerve thy Be. * ; , by 10 - 

"= ule. VIZ. Separate wit 4 Com ma) jo mam Fiaces 

"hf Decimal Parts in the Product, as there are in both the 
actors accounted together. As in theſe, ' 


or nf ir 2 0 
2 74352 


Crap . Of. e Fractions, "52 
8 — 


* = 

J | H 

17 

, [2 
$. Per! 
A C 
1 


3 


o 
| 2» 
F 


* 
1 


m 


The Rene why ſuch a Number of Decimals Parts muſt 


pl! Wh cut off in the Product, may be eaſily Deduced from theſe 
pe: | xamples.. Thus, ; : | | 6 A ; 
n Example x. Tis evident, that 3 the whole Number in 


he Multiplzcand, being Multiplied with 2, the whole Num- 
er in the Mattiplier ; can produce but 6 (Vz. 3x26) So 
bat of neceſſity all the other Figures in the Product muſt be 
decimal Parts; according as the Rulę directs. 
Or, the Rule is evident from the Muliipliłat ion of whole 
umbers only: Thus, fappoſe 3000 were to be Multiplied 
vith 200, their Prodxtf?# will be 800000; That is, there 
il be fo many Cyphers in the Product, as are either, or 
oth the Factors. (ide Page 18.) Now if inſtead of thoſe Cy- 
ers in the Factors, we ſuppoſe the like Number of Decimal 
arts; Then it follows, that there ought to be the ſame 
umber of DecimalParts in the Product, as there were G- 
ers in the Fallor . ar dg bg | 3 
Again, the Rule may be otherwiſe made evident from 
Agar Frattions, thus: Let 32, 12 be Ahutiplied with 243 
6, „ „„ 1 an 


77¹ ) 


624 


* 2 — | 
| er een 0 80,516 in E ample ab 3 
and their Pr 780,516 as xampie 2. + 
Now 32,12 2327188. and 32248. with doing en 1 
into improper in, ( per Sett. 3. Page 30) will be- 
come 32735 2188. and za 8 8. | | 
Then 4455 * 244 =239448. per Seft. 7. Page 55, 1 
But 247838 2980 #38. viz, 780,316 as before. 

Amy of theſe three ways do 1 reſum ſafficiently ove 

the chef the aborelad Nee 


Example 3. | | Example + 


r 45 
235538 ary 


314184 | 3447 
342455030 prot ns 


N. F. It ſometimes falls out in Aſultiplying parts, with 
rts that there well not be ſo many 7585 15 the Nl | 
there ouzht'to be places of Decimal parts by the Rule: Ini 


ly their deſect by prefiging Cypher 


that caſe you muſt ſuppl: 
to the Product; as in-theſe Examples, , - 


Example 5 Eee 6. 
; 2 10347 
| 20236 


1041 


2 1 
Sn 5:2 


IFC OL I$-w'd 


495758775. 


When any propoſed Number of Decimals, are to be Mit 
tiplied with 10 . 100 . 1090 . 10000, Cc. Tis only 16 
moving the ſeparating Point in the Multiplicand, ſo many 
Places towards the right-hand, as there are Cyphers in tht 


Aultiplirr. | 

Thus, 578 * 10 58 and ,578 * 100=57,8 
Again, ,578 * 1000=578 Or 578 * 10000 5780 
* 7 | 4 83 * 5 * Thek 


ap. 5. Of Decimal Fractions. 


i 


Decimals, an 
owing Examples. | | | Rk a ITY 
57,056 Multiplied into 0,778 will Produce 32.918368 
76543 into 5,4246 will Produce 4t,$2151578 
o. x 0,05674=0,0322731446 
0,03246' * 0,02364=0,0007673544 


- 
. 
@ * 
8 ** 
> 6 « * 
1 1 * p Fe an. - + *y 
wa. tat — oth eto 
Fi — 2 8 r 


de 


37 ® $2,7438=165,6995001296 
W Now it oftentimes happens 
Press all the Figures of the Produtt at large (olpecially when 
he Factors have each of them many places of Decimal parts, 
in the two ref only ſo many of them as may 
Wuffice for the intended deſign; and yet the Product may be. 
true to ſo many Figures as are retained, ag:if the Fattars 


n Reſolving AdfeFFed © 


ad been AMultiplied at large. And fiich dious Con- 
"1. tations are not oply of curiolity,, but may alſo be found of 
er great eaſe and uſe to the Ingenious Practitioner; eſpecially 


ronometrical Problems. by the Nat Sines and Tangent s. 
c. All which may Be Bs 1 4. 1441 8 - 
Viz. Set the Units pla the Multiplier directij under: 
each that Figure of the Multiplicand, woos Nace you intend 

o keep in the Produtt; And place all the other Figures of the 
flultiplier in 4 quite contrary order to the uſual way, Then 
> Multiplying - always begin at that Figure of the Multi- 
llicand which i ands oder the Figure wherewith you are then 
q= ing, ſcrring down the firft Figure of each. particu- 
x Pre att; direbtly underneath. one another; yet herein you 
t haue a due regard to the increaſe which would ariſe out of 
be two nt Figures to the der of that Figure in the 


ltiplicand Which you then begin with. 
nany 0] 1 EB 
1 the Example. 


Let it be required to Multiply 3,141 92 with 2.7 38 
ek oy there =. four places of Bech Parts Sera 
n the Prod. 1 2 e 14% me . 
If the propoſed Numbers were to be Multiplied at large 
dey mut ſtaud in a direck urdet᷑ as uſual, Thus 


63 
hings being conſider'd it will be eaſie to ply. 
Tank, and deterndin their tre Produtts. As in theſe fol 


that it will be needleſs to ex# 


Equations, ox in calculating of Tyi- 


PE” 4 


"4 7 R 4 / 
i, Sg. 4 * PW PR 0 
— e 
— 


6 4 - 1 
| 8 41705 6 J ee uce Ten 222. 
This wo of parts, as int 


Bat being hs 50 
parts in t Pra \ Fre whe Aon 


prtin th ren 


. 31412 The Mulciplicand placed as before. 
Thus by : 9 MA ee order. 
2 $-regard laid to 5 times 2 

# with 2, increaſed with g 2 
Produ wir y, area why $$7:4-9x7, 
vad with £;iverea 1*4-+-5x*4; 


Produtt with 413 · } 
Product Aae Bis 4*8-+188, 


The true ProdxF as was required. 


The Reako) of this ContraAion is vary obrious from n. 
whole Operation wroughtat large, | d 
Tha — | Hem bene 5's fee Aue 


| e, ] 
— dey | 


— 


t 


7 * 


Suppoſe it were required to Mulriply 257,356 with 
and to Have only the entire ey 2 = 164| 


Thechieleſt cate and didiculdy :chit_attenis theſe (is 


tractions, Ehe true petting down of the Units place in the 


Multi th the proper Figure of 4 
——— to the deſign d Produtt. * a 


. - 


Wap. 5. Of Meſa: Fractions, 55 


In Example 1, It was quired to have four places of 
bf Decimal Parts in the Prout, therefore the Units place 
bf the Multiplier was ſet under the fourth place of Decimals 


n the Multiplicgnd : And in Example 2, becauſe it was re- 
oe 5 , 4 of Tae, 


have an entire Product of Integers only; therefore 
he Umts place of the Multiplier was ſet under the Units 
place of the Mulliplicand, This 1 ſay, being once rightly 


inferitoad, will render the Method eaſie in Practice. 
Seeg. 4. Fdiviſion of Decimals, 


Diviſion is accounted the moſt difficult part of Deci- 
al Arithmetiełk; In order therefore to make it plain and 
aſie, it Will be convenient to reſume what has been ſaid in 
"ape 25. e MF. | 

Viz. 1 uotient Figure is always of the ſame Value or 
Dre with that Eigure of the Dividend under which the 
Winits place of its Product ſtands. | 


As for Inſtance, Let 294 be Divided by 83 
e $ This is not 7 but 70, becauſe the 


. 4 * nt SS 4 r Wo 
n h n * F N 8 1 Ie 


r 


4) 204%(7 Dnits place of 4 * 7 ſtands under the 
28 e Tens place of the Dividend. 


"5 Gs Butts poly 3. 


mains (2) Hence 732 is the Quotient. 


Now if to the Remainder 2 there be Annexed a Cypher,” 
hus 2,0 and then Divided on, it muſt needs follow that the 
mts place of the Praduct ariſing from the Diviſor into the 
„tient, will ſtand under the Annexed Cypher ; Conſe- 
6, % iently the Quotient Figure will be of the ſame value or de- 

re with the place of that Cypher: But that's the next be- 
dw the Dnit place, Therefore the Quotient Figure is of the 
xt degree of place below Vnity; That is, in the firſt place 


| DecimabParts. 62h 
91 Thus 4) 2,0 (55 


n'd, as 


K Vis - 


* 
F 
pu Py as 1 = * » . . — — — — — — 2 
Nr — * & © 4 a * 1 * 1 
: a 4 == 0 D 7 F 1 = l 
66 TW 4 * . { 4 ri ww 1 , Patt 1 

K. : 

_ £4 2.0 — 8 Wm as * yu _—_ 4+ * 


Vie. If that Number which? Divides another, be Multipli- | 
ed with the Number which is produced, their Product will bt 
the Number Divided. ene 

This Definition alone (if compar'd with the Rule  Pazt 
61) will-aford a General &xle for diſcovering the true value 
of the Quotient Figure in Diviſion of Decimals.  _ | 
Rule. The plates of Decimal Parts in the Diviſor and Quo 
fient, being accounted together, muſt always be equal in Num 
ber with thoſe in the Dividend. Aud from this General Kul 
ariſeth four Caſes, | . | Fore: | 

Caſe 1. When the places of parts in the Diwiſor and Di 
vidend are equal, the Quotiem will be whole Numbers. 

As in theſe Examples.” | A 


3,45) 295,75 (35 0,0078) ,4368 (56 
2535 390 
4225 

4225 468 
(0 | We 


Caſe 2. When the places of parts in the Dividend, 
ceeds thoſe in the Diviſor; cut off the Exceſs for Deci 
Parts in the Quotient. As in theſe Examples. 


24,3) 780,516 (32,12 436) 34246,056 (78,546 þ 


1 


- ©» 


J 30438 
0 3045 G57 


3738 2556 9%, 
3738 x 1 17 190 
—— 2616 


7 - 


Caſe 3. When there are not ſo many. places of part 
the Dividend, as are in the Diviſor; Annex Cyphers to 
Dividend to make them equal. Then will the Quotim 
whole Numbers, as in Caſe 1. Nr 


A 


&s 


——— 


<—_— — AXES a — — — — — 1 
WChap. 3. Of Dechnal Fractions, 67 


i — 
— 358 ae o SC... 

„be required to.Divide 19241 by 7,684, And 441 by ,7875. 
" 7,584) 192,100 (25 98%) 4410000 (560 
al A 15368 + {TIE 141111205 - STI. 

Aue 7 3 2 2 | 22 


RES TEN of UT 
nee hem =) 


Caſe 4. If after Divifion is finiſhed, there are not ſo many 
Nu igures in the Quotient, as there ought to be places of parts 


Wy the General Rude; ſupply their defect by prefixing Cy- 


ers to it. | OO Nad IC1-T 11 © 
Examples. 5 
Let it be required to Divide 7, 25406 by 957. 


: 957) 123406 (00758 the true Quotient required. 
= 5550 Again ,575) 40007475 (,0013 © 
F 
767 5 
7656 |. "a 
| „ „ | (0) | 
dy | Note. When Decimal Numbers are to be Divided by 10. 
Je 


100. 1000. 10000 &c. That is, when the Diviſor is an 

nit with Coors Diviſion is performed by Removing or 
- Mp lacing the ſeparating point in the Dividend, fo many pla- 
3.548 0 towards the left hand, as there are Cyphers in the Di- 
| .. = — 


Examples. 


10) 5784 (5784 100) 9784 (57,84 
£000) 5784 (5,784 | 20200) 578,4 (,05784 


Bow: Theſe Operations are the direft converſe to thoſe in 
ave 62. 


preſume it needleſs to give more Examples at large, on- 
y inſert a few Dividends, and Divijors, with their Quo- 
ents, herein are contained all the varieties that can hap- 
pen in Diviſion of Decimals, © 6 


of gart 


574) 493066 (859.  - 5,74) 49,3066 (8,59 
vers to M 574) 493,066 („89 5%) 493066, 0 (85909 - 
2101 574) 40, 3066 („085 „) 403,660 (8500 

574) 4930,66 (859 ©  20574)2463066 25 

| vere 
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- There is alſo a compendious way * ange e D) Divi- 
ſion; Like unto that of Multiplicat ion Pa bees which 
much labour may 177 ſaved ; Eſpecially 'w Diviſor 
hat _y places of Decimal Parts in it: And its thus per- 
rme 
Having determined how many places of whale Numbers 
there will be in the Quotient, i any at all; or if none 
what value or place the firſt Hgure in the S will 
Then omit, or prick off one Hewes of the Diviſor at w_ 
Operation; viz. for eve you place in th 
prick off one in the Div a | Jab . au regard t e 2 
creaſe which wou d ariſe from th the Eigure fo omitte. 


Dodd. Ede 59 1 ; 
Let it be required to Divide 703 by 9 


The Work contractect. | The ſame at large. 


7.9803) 70 Ber G 17 2 6e 
| yr og 


The Work'contrafted I 1 is ſo obvious (if\comps 
red with the lame at wie that it's. needleſs to . * 
tarther explanation of it. 410 Jas) 


Sect. 5. To: Reduce Malays Fraxions, iro Darn 


and the contrary.» Mii vi 


Any V ulgar Fraftion being gi giv en ĩt may be Rednce or 
zathr, Changed into Decimal Parts eauipalept, to it. They 
Amex Cyphers to the Numerator, and then Divide 
the Denoratincs; the Quotient will be the Decimal Pari 
equivalent to the given Fraction; or at lea fo rar it ann 


be ee do approach. , So. ot (NN. 


wo %% 


* - unn, 
Tua required to Chonge gr Reduce 4 into Decimal 


4) 3,00 (375, The Derimal Parte required. 
L 
ain 22 Thus 2) 20 (G5 And £=,25 4) 1,00. (2s 
r i were rectired -4 Change # 5 to al 5 | A 
7) 40000000000 ̃ ͤͤiͤLͤ 8c, =F | 
Wote. When the laſt Figure of the Diuiſor (That is, the 
Yenominaror of the propoſed Faction) IE: to be he of 


Wele Hgures; Viz, 1. 3. 7. of 9. (as in the laſt Ex- 
mple) then the Decimal Parts can never b 


ö 
n 
] 
4 


reciſely equal 
the given Faction; yet by continuing the Diviſion on,you 
Way bring them to be very near the trath. As in this Ex- 
: 755 Suppoſe it required to Change 11 into Dec: 
=: Parts. | | | 


13) 1.0009 (07692307692307 de, ad mn. 
| 7 $4 And from hence it may be further ob- 


| ſerved; That in theſe imperfect Ouo- 
LEY AR tients N the Figures do a 99h | m 


4 and circulate in the ſame order as be- 
— fore: As you may eaſily perceive they 


O 
6 
« as; in to do in the FA th place of 
begin | 
VP both theſe laſt Ea jb: 
&c. As at firſt. | 

Theſe being underſtood, it will be eaſie to find the 
 ecimal Parts equivalent to any known Part, or Parts ol 
oin, Weights, © Meaſures, or me, &c. If you firſt Re- 
ce the given Parts of Coin, & c. Into a Vulgar Frattion, 
hoſe Denominator is the Number of thoſe known Part 


- 


tained in the neger, and the given Parts its Numerator, 


_ _  ""Examplesin Coin, "Se, 8 
1. Let it be Required to find the Decimals of 165, 6 d. 
rſt 165. 2 of one Pound, and 6 d. s of 11. But 
es . Then 40) 33,000 (825 the Decimal Parts 
aer 
Again, Suppoſe it were Reguirtd to find che Decimals 
alto 3 l. 13s, 44. Sw. va Fab k » — + Here 


. 
> 


npa- 
| any 


A 
4 4 
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* » © * „ 4 + 
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* 
© 
; 


—_— 
* Y 


" 
l 
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But ip ts g. Then 48) Age 88 3 0c. i Inches, 
. a 


which perhaps may at firſt ſeem ſomewhat tedious in PE 
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Here z l. is 3 Integers, and 13 — of 11. and 44.=,t, 
But 13 - =3$2, Then 240) 160,000 (,666666, Cc. 
Hence 3 1. 136. 44. 3, 666666, &c. As Was Required, 
2. What are the Decimals equal to 74 Inches, one Foot 
being made the Integer. | — 
(Firſt, 7 Inches are 1 of 1 Foot, and & of 1 Inch are 43. 


et it be Required to Change 8 5, 19 Pwr. 8 Grain 

into Decimals; one Ib. Troy, being the Integer, -- 

+ Theſe being Reduced into their Leaſt Terms, and Added 
together will become 7g of 1 15. 

Fhen 5760) 4394,000 6747224061 he Decimals Required. 

And thus may any propoſed Parts of Coin, Weight; 

Meaſures, &c. Be Reduced or Changed into Decimal Parti 


Rice, but being a little acquainted with them, it will Wl 
found very eahe; and the Ingenious Practitioner will 
(with a little Conſideration) ſoon find. how to Red 
them almoſt mentally ; or with the help of a very fe 
Figure; without the uſe of ſuch large Tables as are vi 
ſually Inſerted in Books of Decimal Arithmeticł, or at mol 
they may be contracted into ſuch as theſe n Which 
if duly applied to thoſe Tables in Chap. 3. Will be found wil 
ry uſeful. Diecimal Tables. | | 5 
In Engliſh Coin. | | Av erdupoiſe Gebe 

| 0.05, „ =If,, || ©0625... i Once 
0,00416667=1d.  . , | | 0,00399625=1 Drachn Wil 
0,00104667 —=1 Farthing | | 1, th. being the Integer 
1,1. being the Integer = 


Troy Weight. 


the lueger | o,00055803 = 1 Ounce 
II, C. being the Integer. 


2 | 


I Inn nn 


FED, 


; & Time, | 1311. 

004166667 = 1 Hour 
Da «£1 5 9, f 3-1 Min 

] 0,02204667=1 Gram | ' 0,00001159== 1 Second 


It, Dayor 24 Hours bei 
I made the Integer. |. 


„ BA, 8 Bos 


443 4 4 ., od 2 * 


iq aui will b euden by the follow 


P 


br — ä — * * 


1 5 Chap! 2 "Of *f Decingal "Factions. 5 71 


9 * W.- # 


Example. 

Let it be „ ee to find the Decimal Partt equivalent to 
175. 94. 2 Farthings. 
wn o =-. Therefore 17 * 7 85. 1. 

und 166 14. There e e gd. 
> "Fry Alſo 2) ,004166 (=,002083—44. .. 5 

Conſequently their Sum, viz. 0,8895777 = 175. 14 

Now to find the Value of Desimals i in? n 2 
vin, or Weights, & c. Is only the Converſe of the former 
| Work. Andi is thus f performed. 
ed. Multiply the given Decimals with the Denoniinator 
be; WV ol gar Fraction Required: That is, Multiply the Des 
mm J 4 nals with ſuch a Number of Units as are contained in the 
Pri er: Lower Denomination of that Kind or org which your 
{ WIRDccimal f: And the Product mil be the Number Re- 
wih uired. Example. 
due * What is the Value of 0,825 Decimals of 1 Pod Ster! 
feu That is, how many Shillings, Pence 2825. 
re 1 it, the next lower Denommation is 20, ante 207. 
mol 3 nake one Paund. 


e Therefore 0825 
Vi 7 1 
f, 


FF, > 
k 0 


Sbillings des And Parts of 1 Shilling. 
ICS = 


6,000 | Anſwer o, 825 216. 6 1 


n Again, 1158 are the known Parts of Engliſh Coin equal 
ge o 3,666666 Deci mals. 

Here the 3 Integers are 3 Pounds. Then „666666 

20 


right | 3 


Shillings 13,333320 


ſwer 3,666666=31. 135. 4d. 


What is the Value of 0,74722 Parts of 1 i. 7 roy. 


it, 79 Then, 296004 Again, „33280 
þ2 | Jae Ha els ES 
I 49444 Pes. 19,33250 4 55 = 
J. 8, 90604 2 2 2 — 
Theſe Collected axe 8. very near. 


And 


. Can dl ———— — 
— . — — — 
And thus any propoſed Member of Decimals may be turn'd 
or changed into the Parts, of what they Repreſent. 
vic. Whether they be Parts of Coing. Weights, Meaſures, 
or Time, A. 75,0 Hoo eat) X 1250.0 Tus; 
I have omitted inſertivg more E s of this kind be⸗ 
cauſe I take the Excellency, 7 the chief uſe of 
Decimal Fractiont to conſiſt more in Geometrieal Computati- 
ons, than in the Common or Practical Parts of Arithmetick, 
(as will appear 5 ou Although even in thoſe they are 
very uſeful upon ſeyeral Accounts; eſpecially in the Com- 
put ut ians of Intereft and Annuities, &c. (But of that more in 
Its: Place,) I hall therefore conclude this Chapter 
I ö 


with a Remark or two upon the Narurt and Properties o 
Fradliaas in General.... OO 
If any given Number (whether it be Whole or A4) 
be Multiplied with a Frattion, either Vulgur or Decimal, the 
ꝓroduct will be leſs than the Multiplicand, in ſuch a Propor- 
tion, as the Multiplying Fraction is leſs than a Unit or 1. 
"Fat i, 44 the Denominator of the Fraction; It to its Nu- 
merator: So will the zi ven Number be; To the Product. 
Therefore, whenever any Number is to be Multiplied with 
a Faction, whole Numerator is a Unit. Divide that Num 
ber by the Denominator of the Frattion, and the Owotien 
will be the Product Required. Thus r2*4 =3.Andiz—4=; 
Again 12x£=6. And 12-—=2=6.'&c. : 
From hence it follows, that if any Number be Divided 
by a Frattion,. the Quotient will be greater than the Div 
dend; by ſuch a Proportion as Unity is greater than the 
D A eee 
Thus 12=—4=48, viz. 1: 1 :: 12: 48. Cc. But the 
truth of theſe will be beſt underſtood after the next Chapter 


8 
— ai. . 


3 CHAN. NW Y rh 
Of Conttuned*Pzoportions; and how to Change or Yary ti 
| | » Orde 6. 


; rof Thing | 
Sect. 1. Concerning Avithmetical Progreffin, * uſually 
called Arithmertical Proportion Continued. wa * y 
— When any Rant or Series of Numbers, do either increaſe o 
—"decyeaſe by an Equal Srerud or Common Differexce \, tho 
Numbers arè ſaĩd to be in Arithmetical Progr Man. 1 


— < TOC IEEE. Eon. 


w_— 


6. = —.— Pajotion, « Te 73 

— | 
. 4 * 1 Ce. Here the Interval or 
* . . : 45 * 1 : dior Difference is 1. 


2.4.6 8. 10. 12. 14. Cc. As $ Here the Common 
dc $ 1.3.57 9.11.3. Difference is 2. 
nd ſo of a 0% other Series, To Common Difference is 


$e3* VET {Lawns 35 


if any three e be in ebenen ee ee ; the 
in of he two Extreams (viz. the Firſt and wn Ns be 
qual to the Double of the Mean or middle N | 
As in theſe 2. 4. 6. Or 3. 6. 9. Or 3 8 . 
e Or 35882876 And 3 T1 . &c. 
1. i Lemma 2. 
If wy four Numbers are in Arithmetick Progreffion, the 


a) m of the two Extreams will be equal to the Stem of the 
vo Means. * © | 

I As in theſe. 2. 4. 6 8. Or 3.6.9. 12. 

mY 2+ 8=4+6. And . Of Cc. 

7 C353. 23 £01 . .. Corolary 1. . 


From theſe two Lis it's eaſie to conceive, that if ne- 
ſo-many Numbers be in Arithmetick Progreſſion, the 

m of the two Extreums will be equal to the Sum 

am two Means; Hr wh & elk diſt ant from the Extreams. 


As in theſe, 2. 12 . 14 . 16. 
;del hen 24-16 oh ae 6+12=8-+10... 
Dior 4 war 44 of mou be odd yo _ | 
n the . . 8. « IQ, I4.. 18 * Cc. 
| Then 1118 4 Le 145 W 10 ＋10. 
xx the Lemma z 1 
apter. th Series-of Numbers in . Progreſſion are 


poſed of the Interval or Common Difference, lo often re- 
2 there are Terms in the Progreſton except the firſt. 
| What ir J. % Ak. 13. 5. 17. G. f 
ere the Bnerval or Common 5 being two, it 
de 14-2=3. 3 zr. Iz ⁰7. 7+2=9. 
. 0 nee fas e Sc. 
| ' Coro | 
"IE it's e kbar the Difference betwixt the two 
treams (viz. 1 and. 17) ig compoſed of the common Dit- 
Nee, 99 into th Number of all the Terms ex- 
ing the 7 1 


inthe rent fn 1. 3. J. 7. 9. 11. 13. 127 745 
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= Number of 77 without the — is ; 8 
dane, The Common Difference is 2 28 * 


The Difference betwixt the two Extreams 16 


pro poſition I. = 
In any Series of Numbers in Arithmetick Pro ron, Fs . 
two Extreams, and the Number of Terms being given; 4 
thence to find the Sam of all the Series. X 
Multiply the - Sum of the two Eren 1 
Theo the Number of all the Terms ;, and Divide th 
rem product by 2. The Quotient "wil of the Sum il 
all char Series. Per Corol. 1. 1 
Example 1. % 
Tis Required to find the Number of att the Stroaks a Clock : 
ſtrikes in one whole Reronten of the Index. vix. in 
Twelve Hours. } 
Here 1+12=13 the Sum of th two 3 
And 12 the Number all the Terme. 


—— 
Then Sy I 0 (78... The Number of Stroaks Requir 


Example 2 . 

ſe one Hundred Eggs were placed i 2 927 A Right Line, 

var (ron: from one another ; and the Egg were! 

5 ard from a Basket; whether may a Man —4— thok 

100 Eggs ſingly one after another, ſtill returning with every 

Egg to the Basket and put it in, before another Man ct 

Run four Miles. That! is, which will Run the greater Nun 
ber of Yards. . 

In this N 200-H2=202 Is the gun of the't 

n 


> 


o Ext 


" WAR 18 Is the Sum of all the T 
The Number k. 
Thas: 2) 20200 co dere he runs tha 
takes up the Egg 


"Now 4 Mues -v Yards g e Vards he runs that takes 
But roc eee eee mare rin the © 
Prop oft tion 2 — 7 
Jn any Series of Nunbers-i in ＋ÿ fon, 
two Extreams and Number of Terms bein given; thence 
ind the Common 15 TRne 'of. 1 the Terms in t at Seri 
:fference betmixt_the rwo.. $5709 
Nene 1 0 e 55 the Monber o "Terms 


A Unt* oY . uotient wi be tht. 


(mon Difference of ths Se ak rk N 


5 — »@ "Ay oo „„ 
< © — x cc -n 8 » } "Oe rom 
a wo cw 


w 
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| _ , Example 1. | 

= One had Twelve Children that differed alike in all their 
WA ves; the Youngeſt was Nine Years Old, the Eldeſt was 
Z firty Six and a half, what was the Difference of their 
ages, and the Age of ac. T Vu 

ere —0=27.8. i The Difference of the two Extreams. 
And 1 e er of Terms leſs an nit. 
hen 11) 2,5 (2,5 The Common Difference Required. 
onſequently 9 72,5 11,5 The Age of the Lounge 
Put one. And 11,52,5=14 The Age of the Younge 
Put two. And ſoon for the reſt. Per Curol. 2. 

5 © Example 2. 

A Debt is to be Diſcharged at Eleven feveral Payments 
Wo be made in Arithmetick Progrefion. The firſt Payment 
o be Twelve Pounds Ten Shillings, and the laſt to be Six 
Pounds, What's the whole Debt, and what muſt eact 
Payment be. | F, * 


Per Theorem 1, Find the whole Debt thus. | 
1263 2 , 5 The Sum of the Extreams. 
11 The Number of Ti erms. 

735 2 | 

2 

2) 830,5 (415,25=4151. 55. The whole Debt. 

Then Per Theorem 2. Find the Common Difference of 
ach Payment, | . 
Thus 63 — 12,5 50, 5 The Difference of the Extreams, 


4 4 5 


W 4nd 11—1=10 The Number of Terms leſs 1. 
en 10) 50,5 (5,05=54. 17. The Common Difference. 
| 8, 4. „ . „ 

0 ſequently 12. 10 5. 1217.11 The Second Payment, 
. 1 J. 8 : . e g wha 

nd 17. IS. 1=22 . 12 The Third Payment, &c, 

Example 3. . 


2 A Man is to Travel from London to a certain Place in 
e Days, and to go but Two Miles the firſt Day, encrea! 

i every Days Journey by an equal Exceſs; ſo that the 
"1,0" Days Journey . Twenty Nine Miles; what will 
"Cl Days Journey be, and how many Miles is the Place 
ses to, diſtant from London. ite 5 | 
Exan » MR SE" > 6.5 


L 2 _ Firſt 


— — Do oo een -% 


_ 
- — 2 
— — 


12 eee _t 


Conſequently 2 5. The ſecond Days Journey. 4 


— 


Firſt 29—2=27 The Difere Difference of the Extreams. 
And 10=1=9- The Number of Terms leſs 1. 
Then 9) 27 (3. The Common Difference. 


And 5+3=8. The Third Days Journey, &c. © 
Again 29281 The Sam of the Extreums. 
10 The Number of Terms. 
2) 310 310 (155 The Diſtance Required... 


There are Eighteen Theorems more relating to Queſt 
in Arithmetick Progreſſion ;, but may oe would Regi 
a great many Words to ſhew the Reaſon of them: 
therefore refer the Reader to the Second Part, viz. Ti 
of Algebra; where he may find their Analitical Inveſtigat 


dect. 2. Concerning Geometrical Propoxtion Conti 


"ſometimes called Geometrical Progreffion. - 


When a Rant or Series of Numbers do either race 
one Common Multiplicator, or Decreaſe by one Comn 
Diviſor; thoſe r are a to de in Gromerricall 
portion continued. 


5 2. 4. 8. 16. 32. &c. hl 1 Mauttinh 
64. 32.16. 8. 4. &c. here 2 is the common Divi 
Or e $2: .6.18. 54. 162. &c. here; is the common Multi 

162. 54. 18. 6. 2. here 3 is the common Diviſo, 


Note, the common Multiplier (or Diviſor) is called 
Ratio; and it ſhews the Habitude or Relation the ami 
bay to one another. viz, whether they: are Double; 1 
Quadruple, &c. Which Euclid thus defines. 
Py (or Rate) is the mutual habitude or reſpect of | 
Magnitudes (conſequently two Nambers) K 1 5 e 8 


each to other, according to quantit . $0 

Proportion (rather Mg ity or 255 1 a Sim 
tude of Ratio's, Eu. 5. 

So that there cannot be 105 than three Terms to foril 
Proportionalit PA or Similitude of Ratio's; rand (if. but th 
Terms, the ſecond muſt ſupp ly dhe place of two. As in tis 
2. 4. &. That is, 2: 4 :: 4: 8. (of :: See Pag. 


Here 4 the Aidale Term ſu aps the place of two Tat 
to wit, of the ſecond and * 8 bearing the ſame Ne 


} I 


10 


77 
th to 2. Vix. As 


5. Of Proportion, &. 77 


* ee Numbers are opor tional. the ect angle or Pro- 
3 If EM two ee viz. of the and laſt Terms, 
il de equal to the Snare of the Mean or Middle Term. 
i Euclid. 7). $49 or. 17 
As in theſe 2: 4: : 4: 8 Here Bx2=16 the Pro- 
of the Extreams. 


d 4 * 4=16 the Sguare of the Mean. Ergo 8 . 2=4 * 4. 
egi 5 1 r +: £209 
mn. Hence it follows, that if the Product of any two Num- 


ers, be equal to the- Syuarè of a third Number; thoſe three 
umbers will be in Proportion. ; 


Lemma 2. | 


If four Numbers are proportional, the Product of the two 
xtreams, will be equal to the Product of the two Means. 


mu 19 Euclid. 7) 


al As m theſe, 2:4::8: 16. Here 16 * 2232 
And 8 x 4 = 32. Conſequently 16 * 2=8 * 4. 

8 ö | | Cor al 2. s 

ol From hence it follows, that if the Product of any. two Num- 
Ati bers, be equal to the Product of any other two Numbers, thoſe 
** our Numbers are Proportional. a8 +30. 7 A 


And from theſe two Lemma's, it will be eaſie to conceive, 
led that if never ſo many Numbers are in continued Proportion; 
the Product of the two Extreams, will be equal to the Pro- 
duct of any two Means, that are: equally diſtaut from the 
WEEE N 1 
As in theſe 2. 4. 8. 16. 32. 64. Kc. 
nere 64 232 * 416 * 8. &c. And if the Number 
z Sino! Terms be ode. 
As in theſe 2. 4. 8. 16. 32 . 64 . 128 &c, 
oli Then 128 264 * 4=32 816 N16. 


in ug Note. The Character made uſe on to ſignify continued Pro- 
Pagt portionals is 22 - ws 4 
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[In eve Series of = (Viz. 14 — Projertionalt) 4 
that Number which is * — 
Ant ecedent of the Ratio; and that Number to which it is 


compared, is called its Conſequent. 


Series of = all the Middle Terms between the firſt and 1 
are both Antecedents _ Conſequents. 
64. &c. Here 4. "Þ | 


all the Conſeguents,is double to- 244+ 


As in theſe, 2:4: : 4: 8. Here 5 is the Antecedent, 


and 4 is the ue ng 4 the middle term is an Ante- 
cedent to 8 its Confequent : Whence it follows, that in ever! 


3 theſe, 2 i 
32 _ both ee, and Antecedents. 
For 2: 2 8 2: Vi! : 16: 32: : 32: 64 &c. 
So that all the Terms 1 t the laſt are "Antece, ents, 
And all the Terms except the firſt are Conſequents, | 


Lemma 3. 


If never lo many Numbers are Pro orion it will be. As 
any one of the Antecedents : Is to its Confequent : So will the 


Sum of all the Antecedem be; To the Sum of all the Conſe- 


guents. (12 Euclid, 5) 

That is, in the foregoing Series. 

2 : 4 :: 2+4+8+16-+32 : 4+8+16+32-+64. 

For it's evident, that 4 8416 Fl} 64 the Sum of 

+ 16-1-32. the Sun 

of all the Antecedents:;; As 41s to 2. According to the Ratio, 
And would have been Triple, Or Quadruple, dec. had the 
Ratio been 3 Or 4 &c. 
Note, In every Series of , the Ratio is found by Divi- 
ding any of the Gs by its A r 


As in theſe 2: 6: 18: : 18 54; : 54 ; 162 
Here 2) 6 (3 the Neri. Or 6) 18 (3 = 


From the ſecond and third Lemma's may. be raiſed tyo 
General Theorems or Rules, for finding the Sum of any & 
ries in r without a continued Audi of all the Ferm. 


"Lot the Series 2. 4 + 8. 16 32 54 128, be gf 
ven to find its Sum, 


Suppoſe z= the Sum of all the Terms. 

Then will z—128=the Sum of all the Antecedents. 
And 2-2 the Sim of all the Conſeguents. 
But 2: 4: 2128: 2—2 . per Lemma 3. 

Ergo 4*— 83 5 per Lemma 2. 


Con- 


to another, is called the 


„ 3 
U % * SF s 7 

e Wa * e 7 
En BLESS 


1 


ee only given. Then 


* 
1 
: 4 * 


Conſequentiy Kr == 5-4. 
Theorem 255 CES In words at length thus. 


— 


erm leſs the firſt 1, will give the Sum of all 
the Series. . | TIES -- 


Or if the fir ſt Term the common Ratio, and the | laſt Term 


C Multiply the laſt Term into the Ratio, and 
fron their Produtt Subftratt the firſt Term; 
Divide that Remainder by the Ratio leſs Uni- 

ty or 1, and it will give the Sum of all the 
E are rt E 
For 47 — 2 25124. As above. 


Theorem 2. 


Example. Let 2.6. 18. 54 162.486. be the given Series. 


WConſequently 22—z=256—2 viz. the laſt Divided by 2. 


ere 2 is the firſt Term. 3 is the Ratio, and 486 the laſt Term, 


But 486 * 3 21458. And 1458—2=1456. : 
Then, 3— I=2 ) 1456 ( 728 the Sum required, 
Tlhbat is 228 He- E18 -L 5441624486. 


In either of theſe Theorems it is required to have the laſt 
erm known (the Which in a Long Series of == will be very 


tedious to come at by a Continued Multiplication, & c. It 


will therefore be convenient to ſhew how to obtain either 
the laſt Term or any other Term, whole place is aſſigned; 
without producing all the Terms. 5 
In order to that it will be neceſſary to premiſe the Cohe- 
rence or Similitude that is betwixt Numbers in Arithmerical 
refion,; and thoſe in Gometrical Proportion. 


— 


Pro 513. VV 
| lf to any Series of Numbers in wheu the firſt Term is 
not an Unit or 1, there be Aſſigned a Series of Numbers in 
ArithmetickProgreffon, beginning with an Unit or 1, and 
whole Common Difference is 1. Called Indices or Ex- 
Mens; ping oo yah fo UUW IO IH8 993 BER 2 
„ Fr 42 Kors Tt Indice. 
2. 4 * . 16. 32, 64 128 Sc. = 
Then 


Thus, 7 


— — 


dw wg 


r 


—_— = 3 811 5 by ©. Ca A bh 4s Ss 8 * 4 
— t — „ =: _ : — — — 
= - 4 * — * „ 
— - - — — m 
— * * 2 1 4 -.as * * 
2 0 —— 
+ ſp . 8 


jo 
9 rw 

. 2 
- - — 


- ive Ti erms in the Series of * 


— —_— * 


80 


— - 


Then will the Alumi or "Scbftrattzenof a. any two of thoſe 
Indices (or Numbers in Arithmerick Progreſſion) directly 
Correſpond with the Product or a of their Reſpe 


That is, 3s $er6=12 18 the Seventh Term, in . 


As 6＋4 = = 10. 
Again *. r The Tenth Te in = 


= 2 As a D "ry 
But if the 2 offs: begin wit an Unit, the Indices 
wulf begin with a Cyph er, „Ku | 


7 4 ae 8 -Þ 


4. E N N N TAY 
As in theſe * 1 5 3 5 
Now by help of theſe Indices, and a few of the firſt 
Terms in any Skier of = It is plain that any Term, whoſe 
Place or Diftance. from the firſt Term is Aſſigned, may be 
Wo drained, r n the Whole Series. 


ck " Excample * th 


x Man, bought a Horſe, and was to give a | Forehing for 
the firſt Nail, two for the ſecond, four for the third, Ki 
In The Number of Nails was to be 7 in eve | 
is 5 28. Nails in * ö muſt he have rat for th the 

a 3 


= 1 . Eh | 5. F TT 
Firſt 155 1. 2. 4% 8 18 32. Farthings. in = _ 


+$=10 - 10 -- 19'= 20 * 
Then, 3 And I. 1024 * 1024 1048576 


* 


1 


327321024 A 
* 22 7 20 = 27. M1 
Again, 718 x 8=1 28 ; Laſtly Jace * 128134417755 db 


Which is here to be necounted the 28 and laſt Term. 
Becauſe. the firſt Term in the Series is 1. _ Which doth nei- 
ther Multiply nor Divide. | 

Now this 134217728 being the Number &f Fidthings to 
be. paid for the laſt Nail, by it the common Ratio Which 
is, 2, and the firſt Term which is 7, may be found Fe Sum 
of all the Series. Ter Theorem „ 


4 


14 


nr 
71 


Chap. 6. Of . &c. T] 
= 134217728 


268043 =_ From this Produtt Subſtraft 1. 


2 L. 26843 5456 —1 268435455 Then 2—1=1: the Diviſor: 

Conſequentl 26843 547 is the Sum of all the Series or 
1 of the Horſe in (2443 Bao ; Which being brought into 
Pounds, dc. (See Page 46) will be 2796201. 55. 3 d. * 


things. 
E xample 2. 


A cunning Servant agreed with a Maſter ( unskil'd in 
Vumbers) to ſerve him Eleven Years, without any other Re- 
ard for his Service but the Produce of a Wheat-corn for the 
firſt Year ; And that Product to be Sow'd the Second Lear; 
and ſo on from Year to Year until the end of the Time. Al- 
lowing the Encreaſe to be but in a Ten-fold' Proportion. 

'Tis poem to find the Sum of the whole Produce. 


Firſt 8. o 3 . * 4h 5: Indices or Tears. 
10. 100. 1000. 10000. 100500 Wheat-corns in 


* 


4 ＋ 2 
Then LD 10000 100 1900000. the 6th Yai Produce 


Me =. 
nd $ 3 dle kee dens The Eleventh 
or laſt Years Produce. 
Then, either by Theorem 1 or 2 the Sum of all the 
eries Will be, 111111111110 Corns. Now it may be 
omputed from Page 31: and 34, that 7680 Wheat 


orns round and dry out of the middle of the Ear, will fill 
Statute Pint. If 


ſoz 
Then 7680) 111111 111110 0 14467592 Pints, but 64 Pints 
re contained in a — *. 
ae 56h Buſhels. Suppoſe it 


.' "| lherefore 64) 
78 be ſold for 3 Lui the 


mn. Then 2 . 


Sillags | 5581687 . 280081. 95 44 4 "x A very 
Joc Recompence for Eleven Years Service. 

There are ſeveral pretty Queſtions Reſolved by Numbers 
| Arithmetical Progreffion ;, And by thoſe in = which the 
genious Learner will eaſily perceive hereafter ; viz. When 
come to the Solution of Queſtions 2 to Intereſt and 
muitie s. &c. M | There 


* 


eee, e 


There is alſo a Third Kind of Proportion, called: Mufical ; al 
which being but of little or no common uſe, I ſhall there- 
fore give but a ſhort account of it. = 

Muſical Proportion or Habitude, is, when of Three Num Wl 
bers, the firſt bath the ſame * - horn to the Third; As the 
Difference between the Firſt and Second hath; To the Dife 
rence between the Second and Third. | 


As in theſe. 6. 8. 12+ viz. 6: 12 :: 8—6: 12—8 | 
If there are Four Numbers in Maſcal Proportion, the Firſ 
will have the ſame Proportion to the Fourth; As the Dife 


rence between the Firſt and Second hath ; To the Difference 
between the Third and Fourth. 14 


As in theſe 8. 14. 21 . 84. 
Here 8: 84 :: 14—8=6 : 84—21 z. 
| That is, 8: 84 :: 6: 63. 
The Method of finding out Numbers in Auſical Properti 
* bo a * by Letters; as ſhall be ſhewed in tl: 
cor aic * 


Sect. 3. How to Change or Uavie the Order of Fhings. &. 


This being a Thing not Treated of in any common 
Books of Arithmetick Chat I have had the opportunity d 
— A. me think. it would be acceptable to thi 
young Learner to know how oft its poſſible to Varie d 
79 the Order or Paſition of any Propoſed Number « 

ng... | | 7 | 
As how many ſeveral Changes may be Rung upon a 
Propoſed Number of Bells; Or how many ſeveral Variat? 
ons may be made of any Determined Number of Letten 
Or any. other things expoſed to be Varied. 2 

The Method of finding out the Number of Changes, 10 by4 
continual — 6 of all the Terms in a Series of Arith 
metical Progreſſionals; whoſe int Term, and Common Dil 
ference- ig Unity or 1. And laft Term the, Number d 
Things propoſed to be Varied. viz. 1%2*3x4x5x6x7 ' Of 
As will appear from what follows. | 

.. Ifthe things propoſed tobe varied are only two, thi) 
admit of a double Pofitzor, as to order of Place; Andi 


Thus, 3 0 F $ =2= * 25 
2 And iftlires things are propoſed to be raried, hex mH 


2 


e 


hap. 6. Of Proportion, &. 33 


We changed ſix ſeveral way 
Ind no more. | | 
For beginning with 1 there will be 5 - n : l ; 
Next beginning with 2 there will be 3 2 . , 0 5 
Again, begining with 3 and it will be 3 hp . : 
Which in all make 6 or 3 times 2. viz. 1x2 x 3=6, 
3. Suppoſe four things are Propoſed to be varied; Then 


8 = admit of 24 ſeveral Changes, as to their Order of 
ifferent Places. Ok Ir vets; 


s; As to their order of Places; 


or beginning the Order with 1 it will be 
Here is Six Different Changes. 


Things admit of 120 ſeveral Variations or Changes; 
Things of 720. Cc. As in this following Table. 5 


The Number | The manner how} The Different Changes 
of Things pro- | their ſeveral Va-] or Variations every one 
poſed tobe va- | riations are Pro-| of the Propoſed Num- 
ried, duced. bers can admit of. 
3 1x14 =I 
2 IX2] 2 
3 2X3 — 
4 6x4 | = 
1 245 | —=120 
8 12056 [720 
720% 25040 
8 5040%8 | =40320 
9 40320 * 9 362880 
10 362880 10 | 628800 
11 36288005 11 | 239916800 
12_|_39916800* 12 | =479001600 _ 


M 3 Theſe 
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_ Arithmetic. Part 


Theſe may be thus Continued on to any Aſſigned Nun 1 
ber. Suppoſe to 24 the Number of Letters in the 9 1 
which will admit of 62044840173 323943936000. Sever 
Variations. ? | 

From theſe Computations may be ſtarted ſeveral pretty, 
and indeed very ſtrange Queſtions. | | 


Examples. 


Six Gentlemen that were Travelling met together! 
Chance at a certain Inn upon the Road, where they wel £ 
ſo pleaſed with their Hoſt, and each others Company, tia 
in a Frollick they made a Contract to ſtay at that Place, Wl 
long as they together with their Hoſt, could fit every Val 
in a different Order or Poſition at Dinner; which by 
foregoing Computations will be found near 14 Years. kl 
hey being made 7 with their Hoſt, will admit of 504 
Different Pofitions but 5040, being Divided by 3654 li 
Number of Days in one Lear; will give 13 Years a 
291 Days. A very pretty Frolick indeed, 3 

1 have been told (That before the great Fire which hay 
pen'd, Anno 1666) there was 12 Bells in St. Mary Le Za 
Church in Cheap: ſide, London. Suppoſe it were Required 
tell how many ſeveral Changes might have been Kun 
on thoſe 12 Bells; and at a moderate Computation 0 
long all thoſe Changes would have been Ringing but on 
over. | 
Firſt, 1*2%3x4xFxn687XKX8% QRIOK IT X 1247900100 
the Number of Hates. ds - | 9 
Then ſuppoſing there might be Rung 10 Changes in 0 
Minut : Viz. 12 x 10=120 Stroaks in a Minut, which 5 
Stroaks in a Second of Time, now according, to that ral 
there muſt be allowed 47900160 Minuts to King them 0 
over in all their different Changes; viz. 47900160010 
47900160, PAS I, non 
In one Tear there is 365 Days, 5 Hours and 49 Mun 
Which being Reduced into Minuts, is 525949. 


Then 525949) 47900160 (91 Tears, and 26 Days. 


So long would thoſe 12 Bells have been continually Ry 
without any Intermiſfion, before all their different Chang 
could have been truly Rung but once over. Tis ſt range a 
ſeems almoſt incredible, that a few things ſhould prodi 
ſuch Varieties. ak = f 
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at which ſeems yet more ſtrange and ſurpriſing, 
K impoſſible to thoſe who are not a little vers'd in the 
power of 8 ; is, that if two Bells more had been ad- 
ded to the aforeſaid 12 they would have advanc'd the Num- 
ber of Changes (and conſequently the time) beyond com- 
mon belief, For -14 Bells would require (at the ſame rate 
of Ringing as before) about 16575 Tears to Ring all their 
different Changes but once over. | 
= And if it were poſlible to Ring 24 Bells in Changes, and 
Nat the ſame Rate of 10 Changes in a Minut, which is 4 
Leons in one Second; they would require more than 
: :7000200000000000 Tears to Ring them but once over in 
il their different Changes; as may eaſily be computed from 
he precedent Table. HEL, 1 


— — — — 


3 "CHAP. VII, 
= of Pꝛopoztion Disjunct commonly called the Golden Rule, 


: Proportion Di:5juntt, or the Golden Rule, is either Direct, 
r Reciprocal called inverſe. And thoſe are both Simple 


nd Compound. 

| | Sect. 1. 
Direct r is, when of four Numbers, the Firſt 
eareth the ſame Ratio or Proportion to the Second; As the 


hird doth to the Fourth. 
As in theſe 2: 8: : 6: 24. 


Conſequently the greater the ſecond Term is, in reſpect to 
* vi , the greater will the fourth Term be, in reſpe& to 
e third. | | 

That is, as 8 the ſecond Term, is 4 times greater than 2 
he firſt Term: So is 24 the fourth Term, 4 times greater 
han 6 the third Term. | | ; 1 l 

Whence it follows, that if four Numbers are in Direct 
roportion, the Product of the two Extreams, will always be 
qual to the Product of the two Means, as well in Disjunct 
sin continued Proportion; according to Lemma 2. Page 77. 
For As 2:24::6:6x4. Or As 3:3x5:;6:6x 5. 
But 2 * 6 4 46. Or 336 F = 35s 


hat is, the Product of the Extreams is Equal to that of the 
Ret reodbecs res eat Moe Ber 


Again, 


Arithmetic, Pare: 7, 


Again, the leſs the ſecond Term is, in reſpe& to the firſt ; 
the leſs will the fourth Term be, in reſpe&to the third. 
As in theſe 18:6: : 12: 4. N 
That is, 18: 183: : 12: 12=3, 
But 18 * 12-—3=18—3 12. Viz. 183426 12. 

Conſequently 2. 8. 6. 24. And 18. 6. 12. 4 are 
true Proportionals. per Coral. 2. Page 77. 

From theſe Conſiderations, comes the Invention of find- - 
ing a fourth Number in Proportion to any three given Num- 
bers. Mhencc it's call d the Rule of Three. 

For if the ſecond Number Multiplied into the third, be 
equal with the firſt 0g ack into the fourth, it is eaſie to 
conceive, that if the Product of the ſecond and third be Di. 
vided by the firſt, the Quotient muſt needs be the fourth 
Number. For if that Namber which Divides another, be 
Aultiplied into the Quotient produced by that Diviſion; 
. Product will be equal to the Number Divided. Set 

age 21. | 

ASintheſe2:8::6: 24 Here 8x 6=48=—24 x 2. 

But if 24 * 2=48. then will 48--2=24. Or 48—4=2. 


1 


— 


Note Any four Numbers in Direct Proportion may be vs 
ried ſeveral ways. As in theſe. 


Vir. If 2: 8: : 6: 24 Then 2: 6: : 8: 24+ 
And 6: 24: : 2: 8. Or 24: 6:8: 2. &c. 


Theſe Variations being well underſtood, will be of no ſinal 
uſe in the true ftating of any Queſtion in this Rule of Three 


When three Numbers pes given, and it is required to find 
a fourth Proportional; the greateſt difficulty (if there be 
any) will be in the right ſtating the Queſtion, or Abſtrat 
ing the Numbers out of the words in the Queſtion, and plz 
cing them down in their proper order, 

Now this will be very eaſie if it be truly conſidered, thal 
always two of the three given Terms, are only ſuppoſed, and 
aſſign or limit the Ratio or Proportion, The third move 
the ene And the fourth gives the Anſwer, 

As for inſtance; If 3 Tards of Cloth coſt 9g Shillings : whil b 
will 6 Tards coft at the ſame Rate or Proportion. & 

Here 3 Yards, and 9 Shillings, are two ſuppoſed Numb 
that imply the Kate; as appears by the word (if) viz. it} 4 
Tards coſt F Shullings (Then comes the Queſtion) Wh, 9 


G Tardt co 17 


Chap. 7. Of P2oportion, Se. 8 97 


N. B. The Term which moves the * hath ene 
rally ſome of theſe words before it; viz. What will? Yow 
many ? Gar long? Pom far ? or Yow much? &c. 


= Then (carefully obſerve this; viz.) The firſt Term in 
che Sppoſttion = always be of the ſanie kind and Denomi- 

ation with that Term which moves the Queſtion. And the 
Term ſought will always be of the ſame kind and Denomina- 
ion with the ſecond Term in the Suppoſition. 


Thus C . Yards. Shil. Yards. Shil. 


| 3292262 — Then 
All Onefions in Direct Proportion may be Anſwered by 
cbree ſeveral Theorems. 


and Divide thir Product by the firſt Term ; 
the Quotient will be the Anſwer required. 


Thus 3: 9::6:; 18. the Anſwer. 


6 | i 
2 becauſe the ſecond 
3) 54 (18 Shillings 5 L Fern was Shillings. 

Divide the ſecond Term by the firſt, then 


heorem 2 9 Multiply the Quotient into the third Term; 
C and their Produ will be the Anſwer required, : 


: | "OF 5 Multiply the ſecond and third Terms together, 
heorem 1 
29 FER 


. 
I 


; Py 1 a as 

= Tas. Shil. Tas: Shil. 

ft Thus 3) 9 (= 3. Then 3*6=18. as before: 
e 

raft 


Divide the third Term by the firſt, then Mul- 
heorem 3 3 py that Quotient into the ſecond Term, and 
their Product will be the Anſwer. 


Tas. Shil. Yds. Shit. 
2... 2.3:0.2 18, | 

Thus 3) 6 (22. And 9 x2=18. As before. 
Here you ſee that all the three Theorems are equally true; 
ut the firſt is moſt General, and uſually practiſed. Yer 
c gewo laft may be readily performed when either the ſe- 
* wil nd or third Term can be ded by the firſt ; And will 
found of ſingular uſe in the Rules of Fellowſhip, 2p - 

eſt. 


Il appear further on · 


88 Arichmetick. 


— 33 . "=. 
4 


eff. 2. If 8 W. of Tobacco coſt 14 Shillimes : "What | 
(Dock 2 hundred Weight (viz. 56 3510 Si the ſame 
1 
1 


Part. 1 


Rate. 
Thus 8 6 14306 41. 18s. the Aer 
14. 


224 
6 
8) 794 784 (=9g8 5. wp] 187 | 
Or thus 8) 56 (=7. Then 14 * 7=g85- as before: 


weſt. 3. * 14 Shillings will bu 8 . of Tobacco; Ein I 
nuch will 4“. 18 J. buy after the os Rate. 3 


Stated thus 145: 8: : 4. 185, 298: 
Then 98 x 3=784, And 100 784 ( 56 th. the An 


Queſt· 4 If half a hundred weight of Tobacco be wortili 
1.18 5. How much may 1 hg , 4 14 1 at tha 


te. | 
Then 365 27 "And 555 784 (8 it. the Anſwer 


. Oueſt, 5. Suppoſe 4 J. 18 5. will buy 56 15. of Tobaca 
what wi 8 th. - the lame 7. obatco coſt. 


This Queſtion is thus Stated 56 i: 41. 18 5=g8s: : 8 b: 
Then 98 x 8=784. And 56) 784 (=14 Ss. the Anſwer. 
Note. The three laſt Qzeftions are only the ſecond varieir;, 
being propoſed purely to give an inftance how any Que 
in this Rule of Three may be varied, according to Page 1 i 
Geek 6. What will 4 of a Yard of Velvet coſt, when In 
the Price of 21 Yards and a half is worth 221. 105 6 


This Queſtion truly Stated will 0d Th 
Thus 214 Tas : 22 J. 105. 6d: 1 T0 the Anſwer * 
Which may be found three Fevetar ways; viz. by Kt N 

duttion ;by Vulgar Fractioms; or by: Decimals, An 
1. By Keductian. Bring the firſt and third Terms 1 | 

one: Denomination :,. Viz into Qrart ers, and Reduce the Era 


cond Term into its feaſt Denomination: per Set. 4. Page 4 Silt 
Thus 214 =86 Quarters And, 22. 10 64= 5406 Penn 


Then 86: 5406 : 315. 8374. For $406% 3 Sic w, 


8 
1 
1 g* 4 1 
9 - 
8 & 4 


— 


hap. 7. | Of Pꝛopoꝛtion, c. 89 | 
And 86) 16218 (=18842d. Then 18882 Pence=15 5. 
d. 25+ ' Farthings;, the Anſwer. | 
2. The ſame Queſtion ſtated in Vulgar Fractions will ſtand 
hus 214 *z.: 2235 =: : 1: (See §. 3. Page 50.) 
hen 235 * 4=*753. And ) 188 (= Page 55. 56. 
Theſe 55 Parts of a Pound, are brought into Shilling s 


= Multiplyng the Numerator with. 20 and Dividing the 
duct by its Dengminator.  &c. _ - 


Thus 5406* 20 2 108120. And 6880) 108120 (15 " 
And there ReMlains 4920. Again 4920 * 12=59040. 
Then 6880) 59040 (8 4. and $5 &c. As before. 


3. The ſame wrought by Decimal Fractions, will be thus; 

213 =21,5 22 l. 10s. 6 d. 22, 525 and i4=0,75 

Therefore 21, : 22,525 2.2 9 to the 1 

Then 22,525 * 0,75=16,89375 | 

And 21,5) 16,89375 (0,7857 l. 15 s. 8 d. 2 far 183 
neſt. 7. If 2 C. 3 grs. 21 ſt. of Sugar, coſt 61. 1 5. 84. 


hat will 12 C. -2 grs. coſt at the ſame Rate. 
hat is 2 C. 3 gr. 21 fb: 64.15. 84 :: 12C. 29: To what? 


4 — aide 
11 qr 121 , O grs. 
28 12 52 2 
88 250 1400 Ib. 
22 121 Wy; 


. 388-21 2329 b: 1480 : : 1400 : r 
Then 1460 x 1400 — And — 2044000 (621 2d. 
251. 17 5. 17 5. 84d. the Anſwer required. _. 054 
The ſame” Queſtion Stated in Decimals, will ſtand 
Thus 2,9375: 6,0833 : : 12,5: To the Anſwer. 
Then 6,083 3x 12,5 =76,04125 Which being Divided 
279375 wilt Lig 25 be? the Anſwer in Decimals, 
bich brought into Cin, will be 251. 17 3. 844. As before. 
Note, When the firft Term is an Unit or 1 the Queſtion 
Anſwered by Multiplication only. 
Example. Suppoſe I give 5 Shillings 4 Pence for one Ounce 
Silver, what muſt I pay for 323 Ounces at the ſame 


ate, | 

That is 1 : $4. 4d : 321 J: To &c.. 
dun which is beſt Stated thus 1: 64 4: : 32,5: 

7 = N Then 
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"Then 32.5 x64=2080 4.=81. 13 5. 4 4 the Aer te. i 
quired, "= 3 * Multiplies nor Diuides. _— 
When the ſecond or third Term is an Unit or 1 then the 
3 is Anſwered by Diviſſon only. As in this Example. 
f a Silver Tankard weighing 21 Ownces, coſt 51. 19: Wl 
what's that an Ounce. Vent: « 3.24 > - . ..- 
Thus 21 r: 5 l. 19.5. =1195*: 125 5.84. To the Anſwer. 
That is 21) 119 (=5s.3t=5 . 84. —_ 
The Proof of all Queſtions in the Rals of Three Divet, 
may be eaſily conceiv'd from what hath already faid; 
viz. That the Product of the firſt and fourth Terms, mult 
7 be equal to the Product of the ſecond and third 
Or otherwiſe, by varying the Oueſtion, as in the Second 
Third, Fourth 20d Fifth Gale RY WET = 
I ſhall conclude this Seton, with inſerting a few Queſt 
ons and their Anſwers z leaving their Work for the Learner 
Practice. 4 
Queſt. 1. What will the Carriage of 17 C. 3 qrs. 11h, 
=> to, at the Rate of 7 5.. the Frudred, - 2 
Anſw. Gl. 45. 113d; 
. 2. If 6. 4s. 1144. be paid for the Carriage d 
17 C3 qrs. 11 t& what was paid for the Carriage of one 
Anſwer. 3 Farthings, 
ueft, 3. A Grocer bought 3C. 1 gr. 14 15. weight d 
aSH at the rate of 2 . 4 d. per i, * fold them for 
521. 14 5. Whether did he gain or loſe by the Bargain, ail 


hom much. | 8 * 1 | 
Anſwer he gained 8 J. 125, 
ueſt. 4. A 8 of a Merchant eight Packs d 
Cloth; every Pack had four Parcels in it; And each Parc 
contained ten Pieces; Every Piece was twenty fix Yard; 
He - after the rate of four Pounds ſixteen Shillings for lit 
Tards, What came the eight Packs to, and what was ui 

worth per Tard. 5 | We 

Anfw. They came to 66561. And is worth 16 s per Tard. 


Queſ. 5. A Merchant ht 436 Yards of broad Cui 
for 8 5. 6 d. per Tard. And fold it again for 10 5. 4. pt 
Tard, What did he gain by the 436 Yards. 


Anm. hegain'd 39 l. 195. 44 f 


Que , 


* * on onto, ©. 


| eſt. 6. A Goldſmith bought a wers af Gold, 5 | 
; i 71 14 6. 3 . 8 pm. for $141. 4 5. What did he pay 
„% Ounce. | Anſw. z I. per Ounce, 

4 

1 weſt, 7, What will 48 oz. 17 pwt. 20 Grains of Silver 
M Wi cams, ors or 55. 6 d. per Ounce, 


Anſw. 131. 8 5. 44d. 
Queſt. 8. JE in four Weeks one ſpend 13 5. 4 d. How * 
ll 53 J. 65. laſt at that Rate. 


Anſw. 6 Years 4% Days, 2 Hours, 140 
Queft. 9. Vat will the one 2 kart of a Ship be worth ; ; 
hen the half is valued at 1019} 10 6. 

Anfw.' 253 J. 175. 6 d. 

| Que 10. The Sun is ſaid to perform one entire Revolu- 
Wion, (or three Hundred and Sixty Degrees) in the ſpace of 
bree a red Sixty five Days five Hours, forty eight 
inuts, and fifty ſeven Seconds nds of Time, called a Tropical or 
Solar ns; HR AER. doth. it move in one D. 


* 41 49 


e  Anſw. 59. 8. 19 Ke. 
926 11. If ; of 2 Tard of Velvet coſt + of a Pound 
Sterling , what will 5 of a Tard coſt of the ſame Velvet, at 
hat Rate. „ nne. 44. 


178 12, Suppoſe 25 and 4 of 4 of a Pound Sterling; 
. 3 Yards and $ of 4 56 a 1 85 of Cloth; How 
2 þ will 4 , of a Tard coſt, at that Rate. 


 Anſw. 2834 of a Pound = 5. 454. 
1 P2opoztion ; z uſually called the 


Se. 2, Of 
ule of Three Irverſe. 


Recyprocal Pr he ques is, when of faur Numbers the thir a 
vic. that which moves the ion) beareth the ſame Ra. 
0 to the firſt; As the ſecond does to the fourth. _ 

Therefore, the leſs. the third Ter i 5 in reſpect to the 
rſt; The 9 wur fourth Term be, in reſpect to the 


cond, 
Example 1. 

If ſixteen Men ean do a piece of Work in ſix days; 
wry Days muſt eight ow require todo the ſame Workeat 
he ſame Rate of Working. 
Here tis plain that Eight Men mult needs have more 

me than 18 Men to do Ine Work, Conſequently the 
N 2 greater 


LEE 4 — 
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greater the Third Term is, in reſpect tothe Firſt, the leſſer 
will the Fourth Term be, in reſpect tothe Second, . 
Example 2. If 8 Men can do a piece of Work in 1 
Days; how many Days will 16 Men require to do th: if 
ſame Work. Here it is plain the Fqurth Term muſt bele 
than the Second, becauſe 16 Men undoubtedly can do the 
fame Work in leſs Time than 8 Men can. 
From theſe Confiderations, compared with thoſe in Page 85 
*Twill be eaſie to 1 2 whether the Terms of any propoſe 
Queſtion are in Direct or Reciprocal Proportion. 
For when according to the true Meaning or Deſign of an 
Queſtion in Proportion. Moe Requires Maze, or Leſs Refi 
quires Lels, the Terms are in Direct Proportion, as in tu 
— 5 * 985 un DP 
But if Poze RequireLefs, or Leſs Require Poze (as 4 
bove) then the Terms will be in Reciprocal 10 1 


T he manner of placing down the Propoſed Terms is the 
fame in both Rules. viz. The Firſt Term in the Suppoſitia 
muſt be of the ſame Kind and Denomination, with the Thin 
Term which moves the Queſtion; and the Term ſought mul 
be of the ſame Kind and Denomination, with the Second Ten 
in the Suppoſition. As in the two laſt Examples, 

| * Men Days Men Days 
T hus, in 5 Example 1. . 

C Example 2. 8 12 45 16 
The Queſtion being truly Stated, obſerve this Theoren, 
Multiply the firſt and ſecond Terms togethi, 
Theorem 3 and Divide their Product by the Third Ten 


the Quotient will be the Anſwer Required, W. 
Thus in the Second Example. 12* 8=96. 
Then 16) 96 (=6 Days the Anſwer Required. Thi 


That is, 16 Men may do the ſame Work in 6 Day 
, Ad de 

Now the Reaſon of this Operation, (and conſequently ® 
the Theorem) is grounded upon this Conſideration; v. 
8 Men Require 12 Days to do the Work, tis plain thi 
one Man would Require 8 times 12 Days =96 Days tod 
the fame Work, but if one Man can do it in 96 Day 
: moſt certain 16 Men can do it in one 16th. part of thi 
Time. Therefore 96 Divided by 16 will give the A 
ſwer KReguired. viz. 16) 96 (6 As before, GW. 

Queſt. 3. Suppoſe 800 Soldiers were Beſieged in 01 
Town, and their Victuals were computed to ſerve they Ope: 
two Months (or 56 Days) How many of thoſe oo 
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muſt depart the Gariſon, that the ſame Victuals may ſerve 


the remaining Soldiers 5 Months. | 
The Queſtion truly Stated, will ſtand - 


f Thus 3 Soldier i Month Soldier. 


7 7 5 5 


5 1600 (320 So many Soldiers may ſta 
yo in the Gariſon. : N 
Conſequently 800 - 320 g 480 Soldiers that 
out of the Gariſon, which is the Anſwer Tal 2 
.be, 4. 4; Borrowed of his Friend H. 2501. for fix 
Wl Months, promiſing to do him the like Kindnels upon Dez 
| 3 : _ ny or. B 2 A 5 lend him 400 /. the 
W Queſtion is, how lon may Keep the 400 l. to be 
tified for his former Rindneſs to A. wh 4 | Ne. 
Anſwer 3 Months 21 Days. 
Thus, I 6 Months :: 400: — 


400) 1502 (3 Months. 
| 9 E250 4; 


28 Days in one Month. 

4) 84 (21 Days. $6 | | 
e 5. If a Penny White Loaf ought to weigh 
MM Eight Onnces Troy Weight, when Wheat is fold for {ix 
Shillings Six-pence the Buſhel, what muſt it weigh when 

Wheat is ſold for four Shillings the Buſhel. 

ABAnſwer 10F . 18 Pt.. 8 Gr, 

Thus Gs. 6d. =784 8.0 :: 45 =484. To the Anſw: 


Remains 44 | : 

20 Penny Weights in one Ownce. 

Remains 16 _ 3 
24 The Grains in 1 Pot. 

48) 384 (8 PW wt. I dg ent f 
The Proof of this ay Rule is eaſily Deduced from its 

Operations; viz, The Product of thi Firſt and Second 


Terms 


* 


— 
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828 be equal to the Product of the Third and Fourth 
erms. | A 
Note. Any Queſtion that falls under this verſe Rule or 
Revs ee my narhon Sou as in bavs its Tr", 
in Dire& Proportion ;, by only changing the Places of the 
Firſt and Third Terms in the e Thus, | 
. 1 6. If a Field will Feed Eighteen Horſes for Se. 
ven Weeks, how long will it feed Forty Two Horſes at the 
fame Rate of Feeding. : 
Firſt, 18 Horſes: 7 Weeks : : 42 Horſes : 3 Weeks, 
Here the Terms are Stated Iaverſely, as before. 
Otherwiſe thus 42 Horſes : 7 Weeks: : 18 Horſes : 3 Weeks, ll 
Then 18:7 =126, And 126--42=3 Weeks. The An 
fwer Required. * | f 


Sect; ; of Compound P2zopoztion ; commonly called the | 
Rule of Three. ws 


Compound Proportion (as tis here meant) is, when there 
are Five Numbers given to find out a Sixth Proportional; 
And this is generally perform'd by a Double Poſition ;, that is 
by Stating and Working the Queſtion at two Operations, 
either in Direct or Reciprocal Proportion, according as the 
Queſtion requires. | 

And cherefor its called the Double Golden Rule; or Dos 
ble Rule of Three. ns lone th, 
The Double Rule. Direct is, when the Sixth Term, or Num 
ber Gent, is found by two Operatzons, both of them in 


oport | 
Example 1. If a Hundred Pounds gain Six Pounds Inte 
reſt in Twelve Months; bow much will Three Hundrei 
Pounds gain in Nine Months ; at the ſame Rate. 


Firſt 1001 : 6 ü: 26 „ 


100) 1800 (181. Ihe Intereſt of 300 


T for Twelve Months. 
Then, 12: 18/: : 9: 130. 105. 
17) 16 (134. 10. The Anſwer Required. ly be 


1 ſuppoſe the Learner will eaſily conceive the Reaſon d 
theſe c/o Operations. For, firſt it's plain by Direct Proportih 
i 100 L. gain 6 L. in Twelve Months. 3001. will gil 
384; in the ſame Time, and at the ſame Rate. ig 
1 


„ — 
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| ꝗ by the fame Rule tis plain, that if 12 Months will 
| _y give 181. Intereſt for 300 J. then 9 Months 
uuſt needs give 134 for the ſame Sum. viz. 300 J. He 
The Double Rule of Three Inverſe is, When the Sixth 
erm or Number fought is found at two Operations (as be- 
Wore.) But one of them Requires an Anſwer in Reciprocal 
Proportion. | 


45 2. If Six Buſhels of Oats will ſerve fur Horſes 
ight 


teen Horſes, at the ſame Rate of Feeding. 
This Queſtion being parted into two Paſtions, the firſt 
il be thus: £ 
If 6 Buſhels of Oats will ſerve 4 Horſes 8 Days, how 
any Days will 21 Buſhels ſerve them. 33 
here tis plain that 21 Buſhels will ſerve them longer 
ban 6 Buſhels; therefore the firſt Pofition falls in Direct 
„portion. 3 
Buſh. Days Buſh. Days 
Thus 3 . * 21 : 8 
| 6) 168 (28 Days. | 
That is, if 6 Buſbels will ſerve 4 Horſes 8 Days 21 Bufh- 
s will ſerve them 28 2 
The next Pofition muſt be to find how long the ſaid 21 
Buſhels will ſerve 16 Horſes at the ſame Rate of Feeding: 
is plain that 21 Buſhels cannot ſerve 16 Horſes ſo many 
ays as they will ſerve 4 Horſes; therefore this Second 
ſition falls in Reciprocal Proportion. 


Horſes Days Horſes Days. 

hus 3 4 28 :: 16 3 7 The Anſwer Reguired. 
After tne like manner any Queſtion in the Double Rule of 
ree may be Anſwered by two Single Paſſitions, if Care be 
ken in! ating them right, zz. Whether their Operati- 
5 muſt be performed by the Single Rule Direct, or Inverſe. 
But all Queſtions in this Double Rule, where Five Num- 
75 are Propoſed t» find a Sixth, od more eaſily and rea- 
ly be Anſwered by one General Theorem; which com- 
rileth both the Direct and Inverſe Rules: Without conſi- 
ring either of them, being Deduced from the Single Ope- 
ions before-going. 

But firſt you muſt carefully Note, that in all Quefions 
this Nature Three of the Five Propoſed Terms are al- 
ways 


s, how many Days will tyenty one Buſhels ſerve 
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ways. Conditional And Suppoſed; And that the other two 
moves the Queſt ion. As for Inſtance in Example 1. j 

Fiz. If 100. will gain 61. in 12 Months: Theſe Three 
Terms are only ſuppoleg or Conditional. Then comes the 
Queſtion ? What will zoo l. gain in 9 Months. Now, 
in order to raiſe the General Theorem, let us ſuppoſe, inſtead 
of the Numbers theſe Letters. * 


P co. The Principal. 4 the Suppoſiti. 
4 8 n the 18 


Viz. Let 2 T= 12. The Time. on of a 
C G= 6. The Gain. ſed Queſtion. 
,, | © þ =300. The Principal. The Three Term 
And 4 t = 9, The Time. 5 wherein the Que · 
| £=13,5 The Gain. I ſtion lies, 
Gp 5 The rroduct of the two Mean 


* es 5 1 7 Divide by the firſt Extream, : 
That is 100: 6 :: 300: 3006 9 la 
part of the Queſtion. 100 i. Which = the fr 
| EC Which is the fe 
Then T : _ 9: 8 .9 ) cond part of the 
12 : 18 :: 9 13, IC Queſtion. ] 


T, — Opt 5 That is the Product of the Extream 
5 is equal to that of the Means. 


Conſequently . TzP=GPt. Is the Theorem. 


This Theorem affords two Rules by which all Queſtia! 
in this double Rule of Three; or rather of Five” Nun 
bers may be Reſolved; due regard being had to the true 
placing down of the Propoſed Terms, which muſt be thus 

Always place the Three Conditional Terms in this Order; 
Let that Number which is the Principal Cauſe of Galt, 
Loſs; or Action, Cc. (viz. P.) be put in the Firſt Place; 
That Number which denotes the Space of Time or Diltand 
of Place, &c. (viz. T.) be put in the Second Place, And 
that Number which is the Gain, Loſs, or Action, &c. (uc 
G.) be put in the Third Place. Now according to thel 
Directions the Conditional Terms of the laſt Queſtion wil 
ſtand thus; P. T. G. 

That done, place the other Two Terms which move tit 
Queſtion, underneath thoſe of the ſame Name. 


„ 
Thus FERN 
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fen if the Blank or Term ſought, fall under the Third 
ace, as in this Queſtion. . 


It will be3 . g. Which gives this Rule. 


- Multiply the Three laft Terms rogether for a 
15 3 


Dividend ; and the Two firft together for a Di- 
viſor, the Quotient ariſing from them will be the 
Sixth Term. 


hat is, in our Propoſed Example 1. 

Thus 6* 300x9=16200 The Dividend. 

And 1800 * 12 . 1200 The Diviſor. 
Then 1200) 16200 (133 The Anſwer. As before. 
gat if the Blank or Term ſought, fall under the Firſt 
Place then * 
It will beg 2 G = 
Or if the Blank fall under the Second Place. 


It will be Ded t Either of theſe give this Rule 
| Wal 


| Multiply the firft, ſecond and laſt Terms to- 
gether for a Dividend: Aud the other two together 
i 132 for a Diviſor; the Quotient ariſing from them 
ji will be the Sixth Term. 


And becauſe our Example 2. Falls under the Conſidera- 
on both of Direct and Reciprocal Proportion, let it be here 


opos'd again. 
2 If 6 Buſhels of Oats will ſerve 4 Horſes 8 Days; 
ow many Days will 21 Buſhels ſerve 16 Horſes. &c. 


If the Terms of this Queſtion be placed down as before di- 
ted they will Range © p 8 


Horſes Days Buſbels 
Thus 5 4 . 9 6 Terms in the Suppeſitior. 
1 21 


Here the Blank falls under the ſecond Place, there fore it 
ſt be found by the ſecond Rule. of 


Thus 4x8 x21=672 the Dividend. 
And 16 x 6==96 the Diviſor. 


Then 96) 072 (7 the Anſwer as bikes 
Que c 


.4 — 
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Queſt. 3 What Principal or Stock, ill Gain 201, in 8 
Mont hs at 6 per Cent. per Annum. 


Prin: Time Gain 
100 . 1 3 6 Terms in the Snppoſition. 
] . 20 


In this Quote the Blank falls under the firſt Place, there 
fore it muſt be found by the ſecond Rule. 


Thus 100x 12 * 20==24000 the Dividend. 
And 8x6 = 48 the Diviſor. 
Then 48) 24000 (500 J. the Anſwer required, 


The Proof of all Qzefions in this double Rule of five Num 
bers, is beſt perform'd by varying the Queſtion; viz. by ſtat 
ing it in another Order, as in the laſt Example T hus. 

Tf 1001. Gain 61. in 12 Months, what will 500 J. Gaz 
in 8 Months, © 

The Anſwer to this is Queſtion muſt be > 30% if the Wort 
of thelaſt Example be true. 


Prin. Time Gain 
| 10; 12-0 
Stated thus 70. 8 c then per Rule 1. 
500 * B x 6==>24000. And 100 * 12 1200 
Then 1200) 24000 (20. the Anſwer &c. 


Queſt. 4. If 2 Men can do 12 Rods of Ditching in 6 
Days, How many Rods may be done by 8 Mea in 1 Days 
at the ſame Rate of working: 


Anſw. 192, Rods. 4, 
QueF. F. If 12 Carriage of 5 C. 3 qr. weight, 150 Mil" « 
coſt 31. - 5. 44d. What muſt be paid for the Carriage d ch 


7 C. 247. 13 1. weight 64 Miles 121 the ſame Rate. 
| A. 1 J. 18 4. 71d &c. 


Queſt, 6. 6 If 8 Men ares 2 J. wages for 5 days worh 
How much will 32 Men deſerve for 24 days; at the 


Rate. 
Anſw. 380. 8: 


Queſt 7. Suppoſe x a Hundred Pounds would defray. t 

Expences of five Men for twenty two Weeks and fix Day 

How long would twelve Men bel in ending of of one ; Ta 

and fifty Pounds, * the ſame 28 

Anu. 14 Weeks and 2 Days, 
C HA! 


* * 
- 
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# Trading in Company, uſually called the Rule of Feliow- 
ſhip ; Alſo Battering, and Trthanging of Coins &c. 


= The Rule of Fellowſhip, is that by which the Accompts of 
W:veral Partners Trading in a golfen are ſo adjuſted or 
ade up, that every Partner + Ayer his juft part of the 


ain, or ſuſtain his juſt. part of the Zoſs ; according, to his 
WH roportion or ſhare of Money he hath in the Joynt-Stock : 
ow this falls under two Conſiderations; called the ſingle 
nd double Rules of Fellowſhip. - x 


Sekt. 1. The ingtie Mule of Kellowihip; viz. That 
. e ine: e 
By the Single Rule of Fellowſhip is adjuſted the Accompts 
o thoſe Partners that put all their ſeveral and perhaps dif- 
erent Sums of Money, into a common Stock at one and the 
ame time; and therefore it's uſually called the Rule of Fel- 
hip withont Time: Now all Queſtions of this Nature are 
Inſwered by ſo many ſeveral Operations in the Rule of Three 
rect, as there are Partners in the'Stock. | 
For; As the Total Sum of Money in the Stock: Is in Proportion 
0 the whole Gain, or Loſs; So is every Man's particular part 
that Stock :, To his particular ſhare of that Gain, or Loſs 
Oueſt. 1. There are three Partners, Suppoſe A, B, and 
make a Joint-Stock of 96 JI. in this manner. 
5 A, puts in 241. B, puts in 321; and C puts in 40 l. with 
Aus 96 J. they Trade ànd Gain 12 J. Tis required to find 
ed ich Man's true Part of that Gain. 

The firſt Operation for A's Part of the Gain will ſtand, 
ic. Thus 961: 121%; 241 £31. = A's Gain. 
oroccondly 961 : 121 :: 321: 41, = B's Part of the Gain, 

WY Again 961: 121: : 4ol : 51.'=C's Part of the Gain, 
„Proof 3 he bin = 121 the whole Gain. 


6 
15 


That is, if the um of each Man's particular Gain, amount 


the whole G ain, the ork 14 true - 7 nor, foine Error is com- 
Jef ted which muſt be found out. 

1 SO ernte n | 
Note, Theſe Operations will bevery much abbreviated, 
you work them by. Theorem 2. Page 87. For here 96, 
common Anrecedent, and 12 is the common Conſe- 


ent in all the three Proportions. | 
5 O 2 There 


. 


100 


Therefore 96:12: : 1: 0,125 is a common Aultiplicater, 
Then 24 * 0,125 = 31. for As Part | 
And 32 * 0,125 = 4% for B's Part C As before. 
Again 40 * o, 125 5 l. for C's Part 

Noa this Method is more readily perform'd than t&h 


other, rang. when the Partners are many; becauſe one 
Single Diviſion ſerves for all the Work. 


Queſt. 2. Three Merchants, A, B, and C, Fraught a Ship 
with 248 Tun of Wine: thus, A Loaded 98 Tun, B % 
Tun, and C 64 Tum. By Extreamity of Weather the Ser | 
men were forc'd to caſt or throw 93 Tum of it over board 
How much of this Loſs muſt each Merchant ſuſtain, 


Firſt 248 : 93: : 1: 0,375 the common Multiplier, 
Then 98 x 0,375 = 36,75 for As Loſs. 
And 86x0,375 = 32,25 = B's Loſs. 
Again 64 x 0,375 = 24, ,s Loſs. 
Proof. 93,00 = the whole Loſs. 


Now if the Queſtion were to find how much of the Remat 
ning Wine that was ſaved, belongs to A, to B, and toC. 

Then 98—36,75=61,25 belongs to A. 

And 86—32,25=53,75 belongs to B. 

And 64—24, =40 belongs to C. 

That is, 4 onght to have 61 Jm and 63 Gallons. B ought 


to have 53 Tum and 189 Gallons. And C ought to have 4 
Tun of what was Left. ; 


Oueſt. 3. Suppoſe ſix Men, viz. A, B. C, P, E, and f 
make a Joint-Stock of 255881. 


1 1 
0 Fon in 654. 10 == 654,5 


343 15 64375 
Thus 2 £ rr 


E — 365 . 05 = 365,25 
The whole Stock 2558 . . ＋ 2558,00 according to the 
Queſtion. e Wit 


3 Chap. 8. *Rule of Fellowſhip, Se. 107 


= With this Stock of 2558 /- they Trade Eighteen Meonths, 
ind Gain 831 J. 75s. 'Tis required to find every Man's Part 
or Share of that Gain. 


Note, Altho the time of Trading, viz. Eighteen Monthsbe 
Ventioned in the Queſtion; yet it's no way concern'd in anſwer- 
122 of it 5, a you may obſerve by the following Work. 
9 | Firſt.” 2558 J.: 831,35). : : 11. : 0,325 Decimal Parts, 
= Conſequently, 1/. : 0,325 :: 654,5 : 212,7125. That is, 
A's Stock 654,5 x 0,325=212,7125 for A. 
B's Stock 343,75 * 0,325=176,71875 for R. 
C's Stock 480, x 0,32g=156,000 for C. 
D's Stock 254,5 * 0,325= $2,7125 for D. 
E's Stock 365,25 x 0,325=118,70625 for E. 
Fs Stock 260, , 325 84,5 for F. 
J. parts „ 
A Gains 212/125 2212. 14. 03 


2 R 14. O45 

f I56,0000 ==156 . 0. OO 

That is D e = 82 . 14 » 03 
E 118, 70625 2118. 14. 014 
F 84,5__= $84.10. 00 


Proof, Sum | 831,35 =831 . 7 . 00 the Gain 
have omitted reſolving this Queſtion according to the 
iſual Method, (as before directed) of finding every Man's 


particular part of the Gain by the Golden Rule, as in the firſt 
ork of Example 1. Leaving that for the Learners Practice. 


Sect. 2. The Double Rule of Fellowſhip; or that 
with Time. 
This is uſnally called the Double Rule of Fellowſhip, becauſe 
very particular Man's Money is to be conſidered with rela- 
ion to the time of its Continuance in the Joint - Stock. 
Queſtion 1. A, and B, join in-Partner-ſhip upon theſe 
erms, viz. A. agrees to lay down 100. and to imploy it 
n Trade Months : Then B, is to lay down his 100 1. 
nd with the whole Stock of 200/. they are to Trade 3 
onths more. No at the end of that time, they find their 
hole Gain to be 211. Tis . exe to know What each 
an's part of the Gain ought to be, according to his Stock, 
nd the timeof imply ing it. FI N 
aki 


T 


Here 


——ͤ— — 


— a — — — 
12 Ariithmetien. Part. 1. 


n 


WW Dd „ „0 Al 


Here it is — reaſonable to conclude, that A. ought to 
Gain more than B. notwithſtanding their their Stocks of M 


Money are equal; becauſe A. imploy'd his Money a lon e 
bem Sort or ploy y ger 


Now for Solving of this Queſtion, Let us ſuppoſe 45 1000 
imployed the firſt 3 Month to Gain Z = a Sum as yet un- 
known, then it muſt Gain 2Z, in 6 Months; and to find 
what 3 muſt Gain it will be. 

J. Months. ; 2 
100 6. 2Z= A's Gain 0 
100 3 To B's 28 per Rule 1 Page 97. 
| ED 4 8 
Ergo 505 5 - 1. Gain · | 

But A's Gain added to B's Gain muſt= 211. the whole 

Gain. by the Queſtion. 


Therefore 2 Z 


That is 100#:6x 2 Z4+100x 3 * 22221 K 100 6. 
Which contracted p 900K 22 = 21x 600, 


Conſequently 2.2: == 1.x bod 
Viz. 900: 21 :: 600: 22 = 141. for A's Gain. 
And. 900; 21 * 100 * = 300 71. for B's Gain. 


Now this. Way. of 1 only reſolved the pre 


ſent Queſtion it alſo affords (and Demonſtrates) a 62 
neral Rule for r reſolving ; all ft his 1 be the 
Partners never fo many. 


Tims , * every particular Mar s Stock, with the 
01:99 TC 35 then it will be, As the Sum 
"Role! 5. T heſe Proddułt /; In to the whole Gain (or Liſs) 


which gives this on 


Queſtions 0 


S699 one of thoſe Produtts; Jo its prope 
tionul part of that whole Cain ( or Le). 2 


neſtion 2. Three Merchants A. B. and C, enter int 
Parther-ſhip thus, A. puts into the Stock 65 l. for 8 Month 
B. puts in 7917 or 12 Mont he. and C. puts in 841. for 
Months... With, Shele they Treffick and Gain 1661. 124 
'Tis required-to each Man's 105 of the Gain, ies 


tionable to his qe and time of employing it. 
1 52T5 


— 


I, 4 


caps Rule. of cep. Tc" 18; 


I. Is Stock 65 1. * 8-Mon. the time it war implayed = 520 
2. B's Stock 7 I. * 12 Mon. the time it mus imployed = 936 
3. C's Stock B41. * 6 Mon. the time it was inployed = 504 
7 Tbesam of thoſe Produtts is, ©1960 
Then, according to the Rule, the ſeveral Proportions will 
ſtand thus, | b bind) $017 To Thug [enotnngonra 
1969 : 166,6: : 520 7 4% = 441-48. od. for A. 
1960 : 166,6 : : 936 : 79,56 =79l. 11s. 23d, for B. 
1960 : 166,6: : 504 : 42,84 =421. 16s. 934d. for C. 
The whole Gam 21661. 12 5. od. 
Or you may Work as in ſome of the former Examples, vix. 
Wy 1 the proportional part of the Gain due to one 
Pound. Cc. r ee e Rog 
Thus 1960 : 166,6: : 1: ©,o85 the common Maltinlier. 
Then 520 « 0,085 = 44,2 . 
And 936 * 0,085 = 79,56 for B. © Cc. As before. 
Allo 504 x o,o85 = 42,84 for . _ 
Queſtion 3. Six Merchants, viz. A. B. C. D. E. and F. en- 
ter into Partner · ſnip, and compoſe 4 Joint - Stock in this 
nanner; ee 1 «des 


r 
Aputs in chen 
PB — 78 8 242 6 
Thus 5 82 o Months. 


* F Am 125 15 1 7. J 


They Trafick-and Gain 2581. 18 7. 44 d. Ts required to 


1 

he Wind every Man's Share of the Gain, according to his Stock 
nd Time it was imploy ed. nn 

N The ſeveral Stocks of Money, and their reſpective times 

I. 


ether will. p 


— 


xing firſt brought into Derimaln, and then Multiplied to- 
| —— theſe following ProduRts. E 
/ Kreer STHA. ED 5 


Months. 


0 


A's Stock 64,55 „4,5 the ti eit was imployed — 290,25 
B's Stock 78,75 *6, the time it was. imployed = 47255 


D's Stock 80, * 12, the time it m inployed = god 
TTV 
Fs Stock 125,75 7, the time it was imployed = 58025 


The Sum of thoſe Products = 4142,7 
Then 


Cs Stock 100, * 8, 25 the time it mas imployed = 825, % + » 


| 
| 
| 
| 
| 
| 
| 


104 3 
Then if 5 


e reſt 


part of 
But if you Work 


proportions. pare 


Gain; And ſo on 

SY ecaſieſt way, vix. 
Gain due to one Poun 

bus 4142.7 258,91875 : 1: 2 


L | 
Then e e = 18 . 2. 9} for 4h 


And 472,5 x 0,0625 = 29,53125 = 10. 71 for B 
825, 0,0625 = 51,5625 = = „II. 3  for;C 
966, 0,0625 = 60,375 _ + 7. 6 forD 
708, * 0,0625 = 4429375 = 44 - 5 + 105 forE 
880,25 * 0,0625 = 55,015625= 5: 552 o. 34 for? 

The whole Gain = 258 . 18 4+ 


Theſe few Exa being well underſtood, are ( pre- 
fume) ſufficient to the v whole Buſineſs of Fellowſhip, Er. 


Sect. 3. Of Bartering. 


When Merchants, or Tradeſmen exchange one Comms. | 


dity for another, its called e and the only difficul 
ty in this ds of Dealing, lies in the due roportioning the 
Commodities to be 8 „as that neither Party 
ſuſtain Lols. 
2 1. Two Merchants A. and B. Barter; A. would 
ange = 3 28 1415. of Pepper, which is worth 3 J. ic. 
per ih, wit 


on, worth 10 d. per it. weight. How 
imuch Coon mt Gs Ar eh a 
ote, In order to 1 aud 
be, Queſtion ( 


reſolving of 
other Yaltions of of this Nature ) 5 — 
bus of Three (or otherwiſe er 4 G51 run 22 
7 canis given; in t Pepper. 
And then fin how much of the 2 
* 7 Rate propoſed. R 
1 347 5.. 1 22 
8 103. 84 nad Cat T in Decimals. 


Then 1 0.5625 20 l. 115. d. the 
: wi eos Fe Ps „ ub 


Next, Its et 41 conceive, that A. ought to have as much 


Cotton at 10 d. per it. as will amount to 200. 11 f. 3 d. which 
may be 12 -b 


104: : 200, 115, 34, = 35 4: t, 


: Work by the common way; it will be 
be Fs. 2 2 . We gt 25. 91d. | 


by finding the 


eee 


— 


cap 5. RUnlt-or:Feliowibip, . 105 


2 — ets at. Ad —_ — 1 1 — — 


That is, 4 C. 1 5. 174 Ib. of Cotton. And ſo much B. muſt 
give to A. in exchange for his 5 C. 3qrs. 145. of Pepper. 
Queſtion 2. Iwo Merchants A. and B. Barter thus, A. 
hatf 86. Yards of Broad Cloth worth 95. 2 d. per Tard; 
ready Money, but in Barter he will have 115. per Tard B. 
W hath Shalloon worth 25. 1 d. per Tard ready Money Tis 
required to find ho many Yards of the Shalloon B. muſt give 
to A. for his Cloth, to make his Gain in the Barter equal to 
that of l. =p Had end. 

The Method. of reſolving this, and the like Queſtions Jif- 
ers a little from the laſt Caſe ; for in this you muſt firſt find 
hat Advance B- ought to make per Tard upon his Shalloon, 
proportion to what A. hath done upon a Tard of his Cloth. 
| s. d. d. 5. c. 4 A. . d. d. 
br 9, 2 2 110: 11 = 132: : 2. T=25:2.6=30 
be advanced Price for a Tard of B's Shalloon. Then proceed 
before in the laſt Example. 8 | 
= Thus 1 Tard: 11s : ; 86Yards : 9465s =471. 65. the 
avanced value of all 205 K | 
Next, If 25. 64. will buy one Turd of Shalloon at its ad- 
anced Price, how many Tards will 471. 65. buy. 
Thus: 5 :'1 2: 946: 378,4 Yards. 

That is, B. muſt give 3783 Yards of his Shalloon to A, for 
ais 86 Yards of Broad Cloath. F720 

Theſe two N are ſufficient to ſhew the Learner, 
bat the Method of _ Bartering, or exchanging Commodities 
or Commodities Wholly de ends upon a clear underſtanding 

9 


hus 


ff the Golden Rule, which indeed is ſo called, becauſe of its 


niverſal Uſe. — | 
Set. 4. Of Exchanging Coins. 

Exchanging the Coinsof one Country for thoſe of another 
$ like the buſineſs of Bartering Commodities. That is, it 
onſiſts in finding what Sum of one Country Coin, will be 
ual in value to any propoſed Sum of another Country Coin. 
Ind in order to 9 that, it will be very Neceſſary to 
ave a true Account at all times of the juſt values of thoſe 
oTegn Coins Which are to be Exchanged, as they are compa- 

d in value with our Engliſb Coin. OY 
ay, at all times, becaufe the Par of Exchange (as the 
Merchants call it) differs almoſt every Day from London to 
ther Countries, That is, it riſes, and falls. according as 
Mey is Plenty or Scarce; or according to the time allow - 
d for payment of the Money in 5 &c · IF 
oſe 


1 Pp Ads . W ng 4 2 — Rt. eta —_— — ——_ 
. *, | 
16 Arithmetick. Fan F 


| Thoſe that deſire to be fully ſatisfied in the Common 2 

lues of Foreign Coins, Weights, Meaſures, &c. may find them 
| n a Book called the 1 Map of Commerce, which for = 
brevaties ſake I have omitted Tranſcribing, and only collec i 


, ed theſe few of Coin. 
Forefgn Coins | Engl 
| a ; #7 > 4 FT" 4 4 | 
A Denier =| 0:0, O 
Deniers =1 Soul. OO. o. 0 
20 Souls I Liever= 6 
| 3 Lievers = 1 Crown = I 
Tom Country Coin. A Stiver= 1 


6 Stivers = 1 Flemiſh Shilling 
20 Stivers = 1 Gilder = 
10 Gilders = 335 Shillings, | 
or a Flemiſh Poun 
j Embden Doller = 
A 


Campen Doller = 
Zealand Doller — 

| Lyons Doller — 
2 e Daller 


Acc at oon — 


* . . * . 
„ 


O n OC O SO = 


2 A Rix Doller of the Empire S 
Germany ; A Gilder of Neremberg= 
The Liever at Leghorn 


00000000@60000000000 = 00000 


| 

Venice Ducat de Bauco 

N The Currant Ducat — 
The Naple Ducat =— 
The Cadiz Dnueat =— 
The Barcelona Dugat = 
The YL alentia Ducat —= 


The Bergonia Ducat 
The Portugal Teſtoon 
The Piece of Eight = 


eos wawoo ob Bok Q OW 
| : 1 


. * r * 


Note, The Engliſh generally reckon their Exchange wi 
other Countries by Pence, viz. other Countries value thei 
Crowns, Dollers, of Ducats, &c. by Engliſh Pence, Exc 
with ſome parts of the Low Countries, with whom the E 
change in Pounds Sterling. ann 

Queſt. 1. How many Dollers at 4 5. 64. per Doller, may d 
have for 162 J. 185, Anfwer 724, Dela: 


Chap. 8. "Rule: of Fellowochlp. Ge. 10877 
Thus 1621. . 184=3258 and 45. 64.=4;5 5. 4 
Then 4,5: 3258 : 724 the Anſwer. - 
Oueft. 2. How many Nba Ducats of 5 s. 64. the 
Ducat may be had for 275 Bergonia Ducats, at 45. 4d. 
the Piece. Arlo er 216. and 3 J. 8d. * 
Thus 5s. 6d =664, and 47, 4d = 3a. 
Then 275 * 52= 14300 d. = 275; Ducats. 
. Conſequently 66 ) 14300 (2165 the Law Teqifd 
weſt. 3. A Traveller would change 233 J. 165. 8 d. Ster- 
:;. Honey, for Venice Ducats at 45% 91 d. per Dacar. 
How my Ducats puſs he BAYS. 
" Anſwer 976 \Ducazs.". ND 
Thus 45. 91 a = 233 J. 16s, $d= 56120 d, 
Gut 77 d.) 36120 d. (976 the Anſwer required. 


A Caffier hath Received 59 Ducats,at- TH, 64. 
der _— And 579 Dollers at 4s. $77 per Boller: Which 
De would Exchange for Hemiſ Martes at 146. 3 d. r Fiecs, 


low many 5 ought he ha L 
| w. 589” Marks, and 13 d. over. 
For 75 64= WE "Ind 45 84= 56 d. 


759 x 90 = 683104. the value of the Dives; 
Then 2 7 „ Ar. — 324244. the dale of the m—_— 
And 145. 3 d = 3 the Flemiſh. Mark i in 3 


Conſequently. n) 3 190734 (589 Cc. the Anſwer 
equired, 


Queſt. 5 . A Bill Exchange Fas excepted at London for 
he . of 4000. Sterling, for the like value delivered 
n Amſterdam, at 11 1 31. 6d. for | fe Sterling. N 
N was + delivered x at +: 
Av. 6 670ʃ. Hemiſß. 
For 11 24 and 11. 13 7. 64 = 4024. : 
Then 240: 402 7 7 400. 870 The Auſper required, 
Quel. 6. wo a the Exchange from to Londou 
at 11. 45, 4. Han, for + 11. Sterling: Ho] _ 


Pounds Sterling mu id at London; to 1. 255 355 
umi at Wb Conn * A 192 J. 8 18 


Thus '1 2 = 
Thi 2125 * 75 


— 


* 
2 


and 3 2 l 5 
192. Abe 4 mer. 
e, 


* e % * 


* 


K 


n 2 — 
— ity — 2 2 — — 
— - — — — — 


„ Ap en 
0 - "—_ bk =, = . 


108 — 5 | 
—Oneft. 7. R ade detivertS at Lanthy 1201 Sei 
to Receive 147 l. Flemiſh in Amſterdam. How es 15 
1.1. Srerling Ne * in Flemiſh. Money. _ 
18 \ te 1 1 4 Ki Gabe 


Thus 10 20 V 207 A! 7 204d = 1 J. 45. 64. Kc. 

Queſt. 8. A Fuklor hath ſold Goods at Catiz for ' 1468 

pieces of Eight; valued at 4 5+ 6d. Sterling per piete. 

* much Sterling None) dees th n! Eight amount 
I” (fe We. 333 U. 76. 2 d. 


Ther, 1 184% \ 


1468 8 5445==80006:d. Ac.) 
Oueſt. 9. A Traveller * haſt an eus! A of 
Crowns at 5. 8 Cromn; And Dollers at 4 5. LA 
Piece 5 How many each br maß heave far zog 17$5. 
182 43 304 N Laue, (624, of each 
Thus 309 l. 8.5 = 74804. AJ and AD £& .>.Þ 
(And, $7. 644-45 $d = uA ore bob uc 4 
ne Then. 119) 74256 (624. the Afwer 1 up : 


Ju Li's Exchange 271 6 
o 36,98. 777 — ge 527 . 175 


a piec ats at 8.4. a 
and Crowns at 92 1 4 a Det Tad 50171 eps e 2 ole 
di df 


for r. Ducut; and 3 Dulles {6 for” > C 75 


each rt muſt have.! 7 = et 
. v. No W 4644 Diicats,' hd "6x8 Crowns | 2 
** * bat 12 
54A. = ' Doltey) e * N 


RES 8 1 7 = i per Quali. 
d. = 1 Crown | 
Þ y7Y."6 64. 2 wy 


10 1GSMY44 » 


wk if ch 1 wo Pin 14 5 e ed 
Ne * Then. 2 3 avs he 
þ A ye which Wt ave —__— Divided. and r 


Ne laſt Pad We er the wer ra the Queſton. Pell ag 
Bu here 2 6f chen Sum, ſuc li p Dk he 
on: tha 


DRY 


as . greed Limited b the 15 
e jo e 9 de [ 
* þ a3 3933.15 PIN} —_— Th 

AR dec hdr _ 3 422 Þ en bs ] 
Therefore "= u Dol Ci 
e 4 ee one:Dolle 785 > 


* Conſequently DEAT 44 2 'of 73 = — 156; Or 4 will 
be the Diviſor to find the Number of Dollers. 


Thus *3* ) 126690927 the Number of Dolers.. 8 
Then © of 927 = 4631 is the Number of Ducats,, . 
And 3 of, 927 618, is the. Number of Cromns, . 


orf if you pleaſe you thay: form Dfuiſors to find either 
the N Le — firſt, For if it be 2 Dollers for one 
WD:cat, and, 3 Dollers for 2 Crowns, as before. 
Then will 6 N e be for 3 Ea and 6 Dollers for 
4 Crowns, of Dall: WA. 51 T 
| 3 /2- 0x 2 er, >< i 17 
Therefore 13 + of a Doves IT ll be. er N N 
Conſequently 1 of 54:4 of 68: sees will b 
he Dzwiſor, to find the Crowns fill C 4050 
Oueſt. 11. A Caſſter is to Receive 11 Heis red 
mat Gs. 154. per Crown, 135d are worth but 6 5. 
Dr he may have Deller at at TY: d. the piece, which are 
North but 45. 4 d. Whic ine (hall e receive to have 
he leaſt Loſs. And how mth Will hoſe i in the Payment. 


2 Crown == 243 0 ie orgliig to 1 ire Vd 5 


| 1 Doller'= 
2 2 1 Ba 1 I” 55 Ar 47 theadranced Values. | 


Now to 12 Sin will be the dealt 1085 bn e * the 


I Value off Hollen Sah toche in proportion, to that 
Com 


T 730 z: 52: $3.22 Cc. But he may have 
157 17 425 5585 ug? te che Payment in Doller⸗ 
5 dls, * 9 bee _ be B . #06 2 
to what S.W Divide'120000 
: 887 go d S of, their Qu 
Ko Ts. 87 Uh fi Kreſs 107 per De. 


Thus 52) 12000 (230758, And” 53) 128000 (22647 
Then 230773 2 4 „ i Dollers, at 4 4 4. are 


Log. viz o. 8 0 l.. ( 

Thereare other ways of Anſwering che laſt Queſtion, 4g 

bis | take;to he the.cafigſte, . Nn e: vlogqnue 1 aud 

Quel. 14. Suppoſe P Exchange 49 52 1 for [8 

un, and 7 Dollers; And at another time 1 _ 4 
4 


- * %. - 
a” Y a _ * —_ * 2 * , -W - go +» og Ft — C 
110 | | 
4 


Grass and 3 Dollers fox 1 T3: 154. = = of 2 fame 
alue with the firſt, What is the Yalue of a Crown, and 
of a Doller. 
Firſt 11 Bree ajax Doller s = 2 
Second 4 Crowns + 3 Dollers = ur the Queſtia, # 
Then in order to find the Value Pry 1 Crown, you muſt cat 
off the Pollers by making them of the ſame Number Thus. 
33 Crowns 4-21 Dolers = 32704. the firſt Aul. with x; 
28 Crowns - 21 Dollers = = 2940 d. the ſecond Mul. with 
Then 5 Crowns = 3304. being their Difference, 
Conſequently 5) 339 60 5 5. 64. ls the Value of 1 c 
And 4 Crowns = 264 d. 8 
Then will 3 Dollers 420 d. — 24 f 156 4. r ee 
5 3) io Gan ie 4d the Valneof 1 Dole 


* 


— — — — — — — — 
. | " - * 2 18 Rr 
1 Ph 


CHAP. Ds. 1 
of Alligation, - 3 


When it is r iced to mix ſeveral: forts of. logrediad 
together; As different ſorts of Cn, Wines, We D 54 
or Ae or to compoſe Medicines. &c. t 

roportioning ſuch Mixtures, is called the Rule 0 
| is Div ve into de Parts 0 or Branches; ca 1 5 
e Of 

W "Ge; 1. Of Abbe Pertil. a V 

ligation Medial, is that by which the Mean. Rate at 
Price 7 any Mixture is found, The te ee On want 
ries 0 ls apg zheir Rates are) en 
Gas per Ws 

Piech God ehe en of all; the. e Quantities d b tol 


N 63 Ii! 


- 
_— 


and 


i'd. Rat alſo the Sum of all their parti 10 
Ihe 9 Proportion will be. 124g 99925 dy 

W . u the Sum of all the Quai: bio of 

Rag m of all rheſr Rates 7": 80 

| the Mixture "To the We 1 

5 undo that PND 2 Th. To SNν e 516 228M 
Quest. 1. Suppoſe 15 Buſhels of Wijett 'ﬆ 5 f. th B 

| werany 


ax "KA Bufpets.. ne Hof 15 [Gf che 
Fe F tir 16 s rr bas on 
IN en 1 x 


— 


bg 9. Of Alligation, &c. 1 


| together; What is the Mean Rate or Price, it may be ſold 

or a Babel without Loſs or Gain. | 0 

= This Oueſtion prepared as Directed above will ſtand, 

þ 15 Buſhel of Wheat at 5 5. per Buſhel, comes to 900 d. 
Thus E Buſbel of Rye at 3 J. 6 4. each, comes to 504d. 

27 their Sum. And their Total Value = 1404 d. 


Then 27 Buſh : 1404 d:: 1 Buſh : 52 d =4s. 4d. the 
inſwer require. 

weft, 2. A Grocer Mixeth 361i. of Tobacco, worth 1 5; 
A Pound, With 12 i. of another ſort at 2 5. a it, And 
2 it. of a third fort at 15s. 10 d. the Pound. How many 


e ſell the Mixture per Pound. 
ä 15. . N. 
„ F 8 d. 
Firt 12. at 2. 0 P per i. Amounts to 8 d. 
CU © 264 d. 
60 = the Number of ths. their Value = 1200 d. 


Then 60th: 1200 4: : 15: 204 . 84. the 
luſwer required. * | 
Oueſt, 3. AVintner Mixeth 314 Gallons of Malligo Sack, 
orth 75. 6 d. the Gallon; with 18 Gallons of Canary at 
W-. 94. the Gallun; 131 Gallons of Sherry at 5 f. the Gal- 
n ; And 27 Gallons of White Wine at 45. 3 d. the Gal- 
. T required to find what one Gallon of this Mixture 
R * 
Gallons, 4. d. Pence. 


| 312 at 7. 6 Ng | 2835 
7 at 6. 9 per Gallon comes to } 1 # 


133 at 5. 0 10 

27 at 4. 4 1377 

90=the Number of Galls.Their Value=6480 
Then 90: 6480 : : 1: 72 d=65s. the Rate or Price 
one Gallon as was required. 
The Proof of all Operations in theſe fort of Mixtures, is 
ne by comparing the Value of all the Mixture, being 
dat the Mean Rate; with the Total Value of all the 
rticular Quantities, ſappoſing they had been ſold at their 
pective Rates unmix' d; if thoſe Sms are equal the work 


| ue. 
Seck. 


at 
t 
3 
de 


Sell. 2. Of Alligation Altern. 
Alligation Alternate, is that by which the particulat Wl 
Quantities of every mgredient concern d in any Mixtum Wl 
are found ; when the particular Rates of every. cr thok al 
Ingredients, and the Mean Rate are given; being ( it Wl 
were) the Converſe to 1 357 2 Meclial; as will appear by 
the following Operations, Which admits 'of three Caſes, Wi 

Caſe 1. The Particular Rates of atiy Ingredients propoſe 
to be mixed, and the Mean Rate of the oy Mixture be 
ing given. To fin 1ent is requi a 


d how much of each Ingre 
ſite to compoſe the Mixture; when the whole quantity, of 
any part thereof is not Limiteeeemm. 
ueſt. 1. How much Wheat at 75 the Buſbel, and Rye 
3.5. 6d. the Buſpel;, will compoſe a Mixture that may be 
ld for 45. 4 d. the Buſbel. | 
Note, In all Queſtions of this Nature, it will be conveninlf 
to place the Mean Rate ſo, as that it may be eafily compar 
with the 1 in order to find every one of the 
Differences fromthe Mean Rate, by inſpettion only. 18 
| Wheat 60 d. 
Thus, the Mean Rate =52 d. ? Rye = 
Then take the ſeveral Differences between the Mean Rai 
and the particular Rates; Setting down thoſe She's 4 
ternately, and they will be the quantities required. 

ne „ 5 0 25 10 8 52 42 
Thus 52 7 42 $3 8=60=52 


That 18 52 — 42 2 10 for the quantity of Wheat. | 
And Go—$52= 8 for the quantity of Rye, that wil 5 
compoſe the Mixture required. Len A th 

| The Proof by Alligation Medial. d 2 

10 Baſbels of Wheat at 60 d. per Buſhel = 6004; Wir « 
Add3 8 Byufhels of Nye at 42 d. 255 Buſhel = 3.364; 
182 The Number of Buſhels —"936d, Thy 


Then 18: 936: : 15 524 = 45. 4d. the Mean Rat 
Note, Altho* 10 and 8 do Arſwer the Queſtion as pli 
ly appears by the Proof; yet they are not the only ti 


Numbers, for this Queſtion and all others of this Kin ml Pl 
admit of various Anſwers, and all in whole Numbers; WM: 5 
any two Numbers that are in the ſame Proportion to n al 


another, as 10 is to 8 will truly Anſwer the Queſtion, 


—— 2 


ꝙ—— oy ee Ace „% ˙ „ + e—< _ 


12 * 
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: 


Viz, 10:8:3: 2 15: 10.8 e, 
1. 0; 125 ' So": ; 18 Ke. ad infitumn. E vain 
25 : 20. 8 


yet 2. A Grocer would . three ſorts of Tebacco to- 
ether; viz. One ſort of 18 d. per ib. another Sort of 22 d. 
„t. and a third St of 2 f. the 15. How much of each 
Fort muſt he take, that WV whole e may be ſold for 
04. the Pound. Saeed 

Having ſet Jovn the iven Rates, 25 . : "Th find | 
eich of their Differences from the propoſed. Mean Rare; | Fa 
ace thoſe Differences 2 TR 85 


42 N and2 2—20 
E 8 1 25 14:53 
2=20— 18 N 


Theſe Differences, viz. 6. 2. 2 are the quantities 
leguired. 8 
6th. of Nieten at 184 per B. comes to 108 
roo 3 216. at 22 d. the Poumd comes to 446 
2#. at 244. the Poumd comes to 
10 = the Number of its. Their une 2880. 
Then 10) 209 (20 the Mean Rate. 


Or indeed any three Numbers that have the ſame Ratio to 
ne another as 6. & 2 1 yr gol the „ vil Nice 


That k 6:7 5 4 12 : 8 4 Cc 
| MH NGN 
But if only one e of the three 1. Rates, had been grea- 
r than the Mean Rate; As ſuppoſe 14 d. per it. 18 per it. 
4. per i.” And the Mev Rate 20d. as before. Then 
zeir ifferences muſt have deen placed, 


Thus 20 54 1551 85 Ce. As before 
64-2 


Quest. z. A, V; — would make a Ai ixture, oX Malago 
00 7 5. 6 d. per Galon, with Canary at 63, 9d. per 
allon. Sherry at 55. per Gallon, and VWhite-Wine" at 4 J. 3d, 
Ga; What guautity of each ſoft muſt he take, that 

Mixrore may be ſold 2270 6's. a Gallon. 

| Oxeftions "of this kind, wherein it is yeauired:to nix 

Pur ir things together, Two of them having their prices Grea- 


Q fer 


- Arizheties. | _ CT 


ter, and Two Ter than the Mean Rate; 2 e; vou muſt al way q 
Alligate or Compare a Greater a Leſſer with the Men : 
118 ſetting down their Differences Urernatly, as inthe 


Firft Example of this SefF. _ Mas 2 i 
0 90 212 72 fi 
2457 f 


? White "4 8 = 00—7: 8 
Thus, Mem Rui Ne Ut F g=branl 
| ALS 3 Canary $1d.$ En2=5972—60M 
Rene zl Gabber dt "Malago;" 12 of Canary, 9 of Sher 
ah 12 of White will compoſe the Af. aer required. ; 
1 Megs 97 $73 Mala 6 br 

"Sherry 18 Sher 


Cindy 21 Wine 
| Either of theſe Fx 5 LE ker, the Oneſtin, | 
which may be edfily try'd as before in the Loft, &c. 


Caſe II. The Particular Rates of all the Ingredients pro 
poſer to be mix'd, the Mex, Rate of the A e . 
and any one of. the qua ntities . to be 175 
11 to find how much Nee one «< of the Sher voi 

dients 1 15 regui te 10 compoſe eth e Qrxture. PE 


Note, This is uſually called Alligation Partial, 
; Queſt. 4. How much Wheat at 55. the Buſbel, muſt b. 


mix d with 12 Buſbel.of 7 7 64 4 That tte 
whole M ture may be 71 29 4 85 5214 


In this Caſe you m a 1s 4 al 8 icular 77 
with the Mean ko and ud their Differegces juſt as be 
| fore; Without ; any, regard. ad to the quantity ven. 

Wheat 60 ＋ 
| "Rin, Mean Rate 52.4, 3 e 42 4 8 


"As the guantity 21 5 eund by HALLS 


0 thus 72 


* — 


BF 
2 


ry 
he , 


* 
nj Ti 


ſame Name en: 

Then 2 feed 1775 e mas 0 
o un the . . vantit) 18 

Name: Pifo 1225 ob fe 


"Thys, 8; e ern 13. e Qu 4 0 
by 1 of | . N 55 SN 

Qucſt. 5. How mugh Malls at 74 long 

8 5 Gallony, 550 i White: Wine 12 ov the, 66 

t: with; 18. Galons of Gar i 

5 492 Bat the whale ae bs 5 re 15 0 


07, 


FF 


2 — 


N Chap. e js " 


The Terms being ſet down, Ser; 7 — 5 before; wil a3 10 
2 1 Malago god. ? 
Thus Mean — 2 724, 75 — - 5 5 


4 Be 6 814. £35 91! bl 


4p K, : 31 'Gallons Aalago 
Then, As 12: ag $3 VP Lt 27 Sar e tf 


134 Gallons of Sherry 


That is 313 Gallons of Mule of White Nine, and 


34 of Sherry, being mix'd . * Wenn of Canary . | 
Wake the Mixture required. 


3 12: =, Fc Mallago 
Then, 4821 : 5 2" 18: 1571 The Sherry 1 kee, 
| 4-31 HY 48 9: 711 n Mute 
f | Gans" Fes * 5 Pence read, 
| 255 orf at 90 4 lh = "ga514 22 
2 
Proof 2 537 at 77 22 9254+ 
£0 21 Lot 3932 7 T 
-1 I 14 — 2145 
Sum 1 14 | Lulu 3 0241 
Then 5147) 370231 TA, Ses the Mes Rate. 
| Therefore the quantities are as fruly aſligned here, as in 
ae laſt Work. ( 
2 III. The Particular Rates of all the Ingredients pro- 
to be mix d; and the Sum of all their Quantities, with 
e Mea Rate of; that Sam being given; To find the parti- 
lar 9ranteries of the Afgxrure. | 
es called Atthzarion Doral, and is thus 2 a 
et down all the Particular Rates, with the Mean Rate, an 
nd their Differences, as defore: Add together all th 
ifferences into one Sum; 


Th oF: As the Sum of all 1 Differences: I tothe 2 
en 


all the quantities given :: So #6 0 ner 

erence: To ita Vrienlax quantity. 
\ Queſtion 6. et ir be required to mix Wheat at 5 5. the 
rev with Dye at 3's, 6d. the Buſbel; 80 * the 


N may be 27 Buſhels; to be Sold for 45. 4d, 
2 hat 1 each muſt be taken to make up 
ne Maa ? Q 2 | Mean 


* — _ 7 


, i * 

\ 5 * _ _ — —C9JU_z_——__—_— —_ _- - — , 
— , 5 OS > 0: wo ro —--—— „ ˙ we wor * ot 4 
* r | 
— 1 2 } rithmetic + i? J ar þ 
b * FR = ; 


1 
— 
- 


= i mw. > . 1 1 


o 
* 
2 — nnn 
. 


pi WKY He ods 


— 


I 
78 = their Sun. 


Then 185 2 7: 4 5 18 144 A. quantities required 


2. n 7 Soppoſe it were andes to mix Malago 551 | 

. the Galen, with Canary at 63. 9 d. the Gallons, Shell 

6 755 the Gallon; And White-Wine at 4s. z d. the Cala f 
So as that the whole Mixture may be 90 Gallons; ol ; 
ſold for 6s. the Gallon, How 1 of nth, Sort wi | 


poſe that Mixture. 
Malago 90 F 13 
Mean Rate 4 JE Canary Br 
685 152 


% 


WS = > of 1 mos on hw DG 3 · · [ 


| == their Sun, 
21: 312 The Gallons of Malago 
LY . 277 The Gallons of bite. Wa 
The Gallans of Sherry 
12: * bh . The TPP, 7 E 


Malago 992F1 
Or thus, 72 5 2 if 
& 2; 82 8 8 4 
ae ebe an 2 their Sam 
it e 60: 360 22122 18 Gallons of Malay,” 1 of 


60:90 :: 18: 27 Gallons of She 
NA 3 : 90 :: 21: 713 Gallons + Cams. 
60 : 90: 9 134 Gallons of Mhite· ¶ ine. 


Either of theſe ways do equallʒ Anſwer the 2 70 
may be eaſily tried by” Allgation Medial As be 


Note, Tue Work of theſe Proportions: may. be _ ps | 
(pe ly when there are many Ingredients to be mix 73 45 
obſerve the ſame Method as was propoſed i in the Rule of 
ſhip, Page 99. &c, 

I have made ou of the yery ſame Examples both i in All 
tion Medial, and Alternate out the 1 ſes; Being 
as J preſume, much better than it they had been differ 
ones ; becaule the Learner may (if be — ler a little 
ahero. eaſily REO, not only the ene between 


© 1 


vith 
els 1 


ally 


Chap: 10 Of Metals z.Gravities. &c. 117 
two Rules, but allo wherein the chief difference of each Cafe 
in the Alternate Rule depends. &c. Not but that I could have 
inſerted many various Examples, as allo the manner of com- 
q poling Medicines, &c. which for brevities ſake I have omit- 
ed, and refer thoſe that deſire to ſee into that buſineſs to 
Sir Jona: More's Arithmetick, wherein he will find it large- 
i; handled. And ſo I ſhalt conclude with Alligation Alter- 
ate, which altho' it gives true ' Anſwers to Queſtions of that 
and ; with ſome little variety, according as the Ingredi- 
Nents are more or leſs in Number; As appears by the forego- 
ing Examples. Yet it will not give all the Anſwers as ſuch 
eien, are capable of, nor perhaps thoſe which ſuit beſt 
Vith the preſent occafion 3 or can this Imperfection be 
Wremedied by common Arithmetick ;, but by an Algebraick 
way of Arguing it may; whereby all the poſſible Anſwers 
0 2 may be clearly and eaſily diſcovered; As ſhall 
be ſhew'd further on in the Second Part. 


* 
5 
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AP. x. 
of Petals, and their @pecifick Gravicies &c. 
Selk. 1. Of Gold and Silver, 


Pure Gold free from Mixture of other Metals, uſually cal- 
ted Fine Gold, is of ſuch a Nature and Purity that it will 
ndure the Fire without waſting ; altho' it were kept con- 
innally Melted : And therefore ſome of the Ancient Phi- 
oſophers have ſuppoſed the Sun to be a Globe of Lignid 
r Melted Gold. py 
Slver having not the Purity of Gold, will not indure the 
we like it; Yet Fine Silver will waſt but a very little by 
| ing in the Fire any reaſonable time; whereas Copper, Tinmn, 
ea, &c. will not only waſt, but may be calcin d or burnt 
oa Powder. WE + Loos 
Both Gold and Silver in their Purity, are ſo very Flexible 
dr ſoft (like new Lead &c.) that they are not fo uſeful ei- 
Aber in Coiv, or otherwiſe (except to Beat into Leaf-Gold 
Send" 3:lver ) as when they are allay'd or mix'd and hard'nec 
reich Copper, or Braſs. And altho* moſt places differ more or 
teches in t e Quantity of ſuch Allay, yet in Epgland it is gene- 
n Filly agreed In, that. day. | 


Stand- 
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22 Carrafts of Fine Gold, and 2 Carratts of Copper;he ; 
ing Melted together ſhall be eſteemed the true Sta ard for 3 
Gold Coin &c. The French und Spaniſh Gold being very near Wil 
of the ſame St andarff. 8 
That is, If any: quantity: or weight of Fink. Gold, be D. 
vided into twenty four equal Parts, and 22 of [thoſe Parts iſ 
be mix'd with 2 of the like Parts of Copper 3 that Mixture 
is called Standard Goll. f 
Whence you may obſerve, that a Cærract is not any cer. 
tain quantity or weight,; but 4 Part of any quantity or 
weight; and the Adinters and Goldſmiths Divide it into 4 
| 1 Bare; which they call Grains of a Curract ; alſo the 
vide one of thoſe Grains into Quarters, Halves &c. 


Standard for Silver. 


Eleven Ounces, and Two-Penny-Weight of fine Silver, and t! 
Frghteen-Penny-Weight of Copper being metted toperher, 3 
eſtcem'd the true Standard for Silver Coin; called SrerlyM 
Silver. And ſo in Ab dio, ivr greater or leſſer Qu. 
| rity F which is a leſs Proportion of Allay for Silver than for 
e $3580 RE 21801 | 

Note, when either Silver, or Gold, is finer than Standard, 
it's called Better, if courſer it's called Worſe, and that bet 
texnels; or wor ſneſs is ag pes by Corres and Grains of: 
1 8 t in Gold; And by. Mou eights in Silver, and is 
thus diſcovered , the Goldſmiths, or Refiners &c, do tak 
a mall Quantity of ſuch Gold as they intend to Try (which 4 
they call making an Aſay ) and weigh it very exactly, then 
they put it into a Crucible and melt it in a ſtrong Fire, ſo long 
that if there be any Copper, or other Allay mixt with b 
that Allay may be conſum d ox burnt away: when it's co 


* 
ä 


- 


— 1 
* „ oy . 


they weigh it veryexatty again, and if it have loſt nothing rd 
of ps firſt weight; they Sela it is ine Gold, but if Mn 
s be . Part, they call it 23 Carratts fine, or dhe Carra 
Better than Standard: if it have loſt 24 Parts, its 
Carrachs fine, or Standard. If 4 Parts; it's ſaid to be 2l 
Carratts fine, or rather one Carratt worſe than Standard, 
{ in Proportion as it bappens to be Better, or Worſe, 1 
In the lame manner they make their Aﬀſay on Silver, ol 
they compute ay 1 75 Henm-MWeighis, &. 
he Author of the fen State of England mention d N 
fore; (Page 32) ſays. © Th 
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Chap- 10. 1 
That the Ela 5 may not want neither the Puri 
nor Weight required, it is moſt wiſe! > Bop carefully . pro- 
e yided, thar* once Her Lear 9570 Officers of the 
uin. appear before the Lords of the 52 in the Stay- 
Wc Chamber at Webtrminfter, with fone pieces of all ſorts vf 
Moneys Coined the foregoin going Year taken at Adveßtuate 
out of the Mint; and kept under feyeral Locks by ſeve- 
ral de till that ap ee and then by A Ty of 
24 able Goldſmiths in che preſence of the ſaid Lords; 
#4 _ ice $ mak exactly Wei 15 and Aſſay d. 
4 This if yi were £0 dae e pract ſed muſt need keep our 


to its true ML: 
40 ? Queſtions 5 be be Narted concerning the 


Many prett 
Fines of Gel ag Sh ver | 


7 FOO Exeagle 1 1. Fs : 5 
If an ſygat of Sitver weighing 787 5. 14 pwr: '6 Gr 
Be 11 of 6 Pen- Mei ht bes How much fine Silver is 


(there in it, and what amòunts it to, at 55. 15d: the Ounce. 
This / 4 than Standard. by 4 pwr. For L of or. 
1 wt. t the fine Silver in 12 oz, of Standard. 
But 11 pwt.—226 pmt. the fine 5 ver in 12 06. lace 
e cording < the Queſtion. | IM | 


Firſt 787 0. 14 þwt. 6 Grains nales e Grains.” ? N 
And 12 9z.=240 pwr. NOT 
Then As 240: 226 . 7 4 

I5 pt. 6,5 Grains ʒ the fine Silver, in 12 7 4 '* 
Which at, 5 5. 12. the ger amounts to 190 : El k 
0 d. and beer 4 Half: Penny. ' * 34 N 14 


Example 2. 
If an Igor of Gold:weighing 1 15 0. 13 t. 18 r Md 
de 4 of a Grain worſe-than'" Standard. How m Gf: oy 4 


rd Cd is łhère in it, and hat comes it to, at LL U 117. 
N 291 Fakt 


Firſt 139 br. I 3 7 18 gra. = = - $5530 brake Tr. 
Then 24) 55530 (2313 a Carratt of that 9 
And 4) 23137 (578,47 a Grain of that e 2 


Rt Ie) 40. 578743 (1445609375 — + of. a Grain. 
ain 12313375 K22=5 F. ought” to be. the fie 

in that moor, if Wee Sende. 25 ty S713 1 
> n UB, hou 


ve 


„irt kad . odr 2. Ns 


y * p .. x 
* 2 +$# & \ . * k q 
” * . - 5 N + 


_— 7 s 
- —_—— 
\ : wi f 
* — E 
. o 
. * of 
* 
1 
E arr, 1 g 
6 = - - = * 
2 aq 


120. __* _  Arithmetich, 
I rr rn al 
ty of — Gold according to the Caen. | ke 3 
erefore 50902, cc 8 $537 244 & 
& c. Grams Troy, being the 


Grains IIS . 7 pmt. 
guantity of Standard Gold in ar Tngot, As was required. 
Next for the Value of it, at 3 . 11 f. per Ounce; 1 
.. 2 * 8 a 4 
equently $71 53 $5372,244 &c : $190,4777 & 
== 409 l. 105. 53d: very near; Being the Value of thitk 
get. As was required. ne frag = 
Or the laſt * may be otherwiſe wrought thu; M 
115 o. 13 mt. 18 Grains 115,6 5: And 4 of a Gran 
of a Carratt is ,4 (vis the of ))) 
Then 22 — iT = 2178 = 21,9375. —_ 
Conſequently 22 : 21,9375. : 115,6875 : 115,35384: 
&e.—115 o. 7 put. 4,244 Grains &c. As before. & 
Next for the Value, As 1 : 3,55: : 11 5358842 : 409,523% 
== 499 (+. 10 5. Ad. very near. As before. 


Seel. 2, The Spectſick Gravity of Petals, &c. 5 
I take an enquiry made about the different Gravitie: if 
Weights of Metals and other Bodies, to be (not only a wort 
of Curioſity, but alſo) of 8 good uſe upon many Occ 
fions. Therefore ſeveral Authors have given us ſuch P- 
portions, or difference of their Weights, as they are ſaid to 
Ne one to another: Suppoſing every one of them to bed 
the 1 Magnitude or Bigneſs., Some of which 1 hal 
p e inſert . Fi n | | 
1. Henry Van Etten, in his Mathematical Recreati 
Printed Anno 1633, Sets down the Proportion of theit 

Gold 1575 . Lead 1165. Slver 1040: . er 910 
Fron 810 Tis 750 - Water 100. etz, 
2. One Aled, in his Encyclopedia; Printed 1649 bath 
them Thus. ' | : Y 

Gold 1875. Quick-Silver 1500 . Lead 1165. Sw 
1040... Copper 910 . Iron 806. Tin 750 . Honey 10 
Water 100. Oy! 90. Theſe ſeem to be taken from tht 
of Van Etten's, with ſome Additions only. - 

3. The Ingenious Mr. Oughtred, in his Circles of Pro 
tions, Printed Anno, 1660 hath their Proportions accot un 
to the Experiments of one Marinus Ghet adi, in his Tr 
called Archimedes Promotus. Thus. 

Gold 3990 Quick - Silver 2850 . Lead 2415 4 Slot 
2170 . Braſs . 1899 . Iren 1689 , Tin 1554. 4 * 


Cul 
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Cubick Inch of 


; 


old 18888. JAerenry 1 


f Meight that one 


Hne Gold is, 


ö 


Standard Gold, 
Quicł- Silver, 


2 


Lead, 

Eine Silver, 
Standard Silver, 
Roſe Copper, 
Plate Braſs, 


| Cat Braſs, 


| 


l 


4 


ö 


1 
Common Iron, 


Block Tin 
Eine Marble, 
Common Glaſs, 
B55 er, | 
y Ivory, 
Dry ed, 
Sea Vater, 
Common 2 
Water, 
Red Vine, 


Proof Spirits QT 
or Brandy, 8 


| Sound drie Oak, 


1 


Lint-ſeed Oyl 
Oy Olive, : 
R 


* 


Tin 7321. 


= 4. In the Philoſophical Tranſactions, Number 169 and 
W109. There is an Account of a great many Experiments of 
Wt his kind; from whence I collected theſe following. Y:z. 
. 4019 Lead . 11345. Silver 
1087. Copper 8843. Hammer d Braſs 8349. Caſt Braſs 
W100 . Seel 7852 . Iron 7643 
coco. Theſe laſt Proportions being approved of and pub- 
Wiſhed by Order of the Royal Society; ſeem to be 
tionably true: Neverthele 


Pump-water 


unque- 


becauſe they differ ſo much 
om the before mention'd (and thoſe from one another) 1 
Wave for my own ſatisfaction made ſeveral Experiments of 
hat kind: And a preſume) obtained the Proportions 
ö y bears to another, of the ſame bulk 
Wr magnitude; as nicely as the Nature of ſuch matter, as 
ay be contracted or brought into a leſſer body (v:z. either 
Wy Drying, Hammering or otherwiſe) will admit of; which 
Yee as followeth. 


Ounces TIC ce, Aver 
9 = aw Fox vs 
9,962625 = 10,930422 
| 7,384411 = 8,101753 
5,984010 = 6,553885 
5,850035 = 6,418324. 
$,550709 = 0,096509 
43747121 F, 208369 
4404273 = 4,8327116 
44272409 4, 630300 
9142127 — 495544505 | 
45031361 — 4,422979 
| 3861519 = 44236638 | 
1429411 = 1,568559. 
1,360041 — 1,493037 
0,988456 = 1,084477| 
 0,962083 —=- 1,055542' 
| 0,543282 = 0,596057 | 
0,542742 = 0594594 
0,527458 = 0,578697| 
0,523766 = 0, 574646 
©,4892653 = 0,536796 
 ©,489008 =. 0,536569 
0,491591 = 0,539345| 
0,481569 = 0,5283 50 


In 


nne Aritchmeticn. Part I 4 
In this Table you have the Specifick Gravity or Weight o 
a Cubick Inch, of various forts of Bodies, both in Troy Ounce 
and Averdnpois Ounces and Decimal Parts of an Ounce. which 
I can aſſure you required more Charge, Care and Trouble 
to find ont nicely, than I'was at firſt aware of. | 

Now from hence it will be eafie to determin the Wezght d 
any propoſed Quantity, of the fame matter or kind witli 
thoſe in the Table; its Solid Content being given in C 
Inches. For it is plain, that if the Number of Cubick Incl 
contain'd in any given Quantity, be Multiplied with the Tn 
bular Weight of one Inch (of the fame kind of matter) ti 
Produtt will be the Weight of that Quantity in Oxzces &. i 


Example. 


Suppoſe it were required to find the Weight of a piece 
Marble, containing three Solid Feet and 40 Cubick Inches, 


r 


JP 
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1 * 
4 
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Firſt 1728 x 3<=5184 the Cubick Inches in 3 Solid Feet, . 
And 5184-1-40=5224 the Number of Cubick Inche: 
the piece of Marble. | 

Then 5224 * 1,429411==7410,066624 Ounces Troy. e 

Or 5224 * 1, 568859 8195719416 Ounces Averdiu : 2 

The Weight of that piece of Marble, in Ounces, &c. wu : 
is eaſily brought into Pounds &c. The like for any of the c. 

The converſe of this Work is as eaſie; viz. if the Wan 
of any propoſed Quantity be given, thence to find the M th 
Content of that Quantity in Cubick Inches &c. Thus Diu fr. 
the given Weight of the Propoſed Quantity (it being 
Reduced into Onnces, &c.) by the Tabular Weight of by 
Inch (of the ſame kind of Matter) and the Quotient will 
the Number of Cubic Inches contained in that Quantity. vin 

Note. If you would find what Weight any Quantit) of 
thoſe Bodies mentioned in the Table, will have when Wl 7- 
is immerſed or put into Water, you. muſt Sahra t 
IVeight of an equal Quantity of Water (with that of adn 
Body) from the Weight of the propoſed Body (if it be Ve 
vier than Water) and there will Remain the Weight rey con 
red. As for Inftance, ab . 

A Cubick Inch of Lead =5,,084010 2 J 

A Cubick Inch of Water EO aL C Ounces Troy 14 


their differente is, =5,4412608 the eight of a6 
bick Jach of Lead in the Water; G. F 


Chap. 11. Of Extracting Ucots, Sc. 123 
= Cvolution, or Extracting the Roots out of all Single 
4 Powers, by one General Method. 
KY EN Sec. 1. 
Evolution is the Unravilling or as it were the Unfolding 
and Reſolving any propoſed Power or Number, into the ſame 
arts of which it was compoſed, or ſuppoſed to be made up 
of. Now in order to perform that, it will be convenient to 
SC onfider how thoſe Powers are Compoſed. Ec, 
A Square Number is that which is equally equal; Or which 
is contained under to equal Numbers. Euclid 7. Def. 18. 
Thus the Square Number 4 is compoſed of the two equal 
Numbers 2 and 2. Viz. 2* 2=4. 
Or the Square Number g is compoſed of the two equal 
Numbers 3 and 3. viz. 3 zg. According to Enclid, © 
= That is, if any Number be Multiplied into it ſelf; that 
Product is called a Square Number. | 
A Cube is that Number which is 77 equally Equal, or 
which is contained under three equal Numbers. Eu. 7. Defi. 19. 
Thus the Cabe Number 8 is compoſed of the three equal 
Numbers 2 and 2 and 2, viz. 2*2*2=B. &c. 


x ; That is, if any Number be pled into it ſelf, and 
008 hat Product be Adultiplied with the Vumber ; the le- 
= cond. Produtt is called a Cibe Number. 


Theſe Two, viz. the Square, and Cube Numbers borrow 
their Names from Geometrical Extentions or Figures; as 
VS from the three Signal Quantities mentioned in Page 2 
That is, a Rope is repreſented by a Cine or Sidr, having 

but one Dimention, viz. that of Length. only. 
The Square is a Plain or Figure of Two Dimentions, ha- 
ving Equal Length and Breadth, The Cube is a Solid Body 
of Three Dimentions; having Equal Length, Breadt b, and 
co 7 Pickneſs : But beyond theſe Three, Nature proceeds not, as 
to Local Extention. That is, the Nature of Place or Space, 


of admits no room for other ways of Extention, than Length, 
Breadth and Thickneſs,, Neither is it poſhble to form, or 


compoſe any Hgure or body beyond that of a folia. 

And therefore all the Superior Powers above the Cube or 
Third Power ; As the Biguadrat or Fourth Power, the Sur- - 
% or Efth Power &ec. are beſt explain d and underſtood by 
a Rank or Series of Numbers in Geometrical Proportion. 

For Inſtaace. A of bf ranges 
Suppole any Rank of Geometrical, Proportionals, whoſe 

＋ Firft Term and Ratio are the ſame; And to them let there be 
R 2 aſligned 


r 5 *. Part . 


Aſſigned a Series of Numbers in Arithmetical Progreſſton, be 
ginning with an Unit or 1. whoſe common difference is all 
1. as in Page 79. * ; a 6 Wes Ind; 
. Zo 3 6 . . NaiCces, 
Thus 2 2. 4.8. 16 , 32. 64 128 Cc. in 2 
Then are thoſe Numbers in produced by a continued 
Multiplication of the Firſt Term ox Roat into it Self; And 
thoſe in Arithmetical Progreſſion or Indices, do ſhew what 
e or Power each Term in the Geometrical Proportion 
is of, | 
For Example; In this Series of =. 2 is both the F 
Term or Root and common Ratio. of the Series. 
Then 2x2 2 4 the Second Term or Sgu are. 
And 2x 2ͤ 2 2 8 Or 4x 2 2 8 the Cube Or Third Tern, 
Again 2 ͤ& 2K 2 2 = 16 Or 8x2=16 the Furth Tem 
or Higuadrat. And fo on for the reſt. | 


Note, This is called Involution, viz. When any Number 
is drawn into it ſelf, and afterwards into that Product, & 
its ſaid to be ſo often involved into it ſelf; And the Indices 
are the Exponents of their reſpective Powers ſo involved. 

And according to theſe Iwolutions, is formed the following 
Table of Powers ;, wherein the Root is only one Single” Figure 


| * 2 1 1 a , 
o| £5 5 * | 8 4 
1 | | . . 4 FF 
S — 2 884 2 up 4 — 2 — 

IS 8 2 
Do! V| kf S > | 
B0j © 8 | "2.8 (S) 
S|z\|8&88... th I'S 2 
> & SN 1 of 
81» Ke V KM, x 2 a . 
<| 8] rr n 82 
S 8 SSS 31 | BY 2 
. 1 GY 
nx. Index Index Index Index Nader 
(4) * (5 (8). | __(9) 
— ET — — 
1 
l 256 ("3024 2 e. 
627 [3125 1 39062 5- 1953125 
1296 [ 27276 | | 1679616 | 10077696 
Zqor | 16807 [117649 |. 823543 þ,_S26450! | 4oz $2607 
2 | 4095.1, 32768: [262144 [EI 16777219 | 1262 12h. 
{6507 $.994p $3154) 1 4753969 | 439467211 35749042 


Ann 
This Table plainly ſhews(by 4rſpettion) ny Power (under 
due Taft of ll the Aline Pane 5 dndſigw thence mays 
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c 


en the neareſt Roor of any Square; Cube, Biguadrate, &c. 
fany Number whoſe Root or Side is a Single Figure. 7 
= But if the Root conſiſt of t mo, three, or more places of H- 
res, then it muſt be found by piece Meal, or Figure after 
eure. eee CINE eee THO neee eee 
The Extraction of all Roots, above the Sguare (vix. of the 
ube; Biquadrat :,  Surſolid, &c.) hath heretofore, been a 
ery tedious and troubleſome piece of Work; All which is 
ow very much ſhortned, and rendred Eaſie, as will appear 
urther on. een I 


When any Number is propoſed to have its Root ee 


he fr/# Work is to prepare it, by Points ſet over (or under 
heir proper Figures; according as the given Power, Whoſ, 
WE is ought doth require; And that's done by conlidering 
he dex of the given Power, which for the Syaure is 2. for 
be Cube is 3. for the Biguadrat is 4. &c. (as in theprece- 
Went Table) Then allow fo many places of Figures in the 
tiven Power, for each Single Figure of the Root, as its Inder 
enotes , always beginning thoſe Points over the place 
nity, and aſcend towards the Left Hand if the given N 
er be Integers, and deſcend towards the Right Hand in Det 
mal parts. As in thele followingnngng. 
Suppoſe any given Number; As 75640387246 which I 
la long hereafter. call the Reſolvend. hog. 
Then if it be required. to Extract any of the followins 
vos, it muſt be pointed (according to the forementione? 


9 


onlideration) in this mamer. OY 
5 WE, » ; Square Root Thus 75640387246 5 
I ale Ro, 75640387246 
Fi. Fot the 4 con TOE K. 
Rong Biquadrat Root 75640387246 
T. Swrſolid Root! 75648724 
Or ſuppole the Number to be 0,674035982 


Sguare Root Thus 0,67 403 59820 


Then ſor the Cube Root 0567403 5082 
Biguadrat app 0,674035982000 - 


Now the Reaſon of Pointing. the given Reſolvend in this 
anner; 21x. the allowing Two Figures in the Sguare; 2 
f 1gHr 


— — ä — ä — — 
x26 Ariihmetien. Pan 118 


Figures in the Cube, and Four Figures in the Baguadrat, 
For one Figure in the Root, may be made Evident feverillfi 
ways 3 but I think its eafily conceiv'd from the Table of Sg 
Powers, wherein you may obſerve that all the Powers of th 
Figure 9. (which is but a Single Figure) have the ſame Nun 
her of places of Figures, as the Index of thoſe Powers denote: lf 
Therefore ſo many places of Figures muſt be taken or aſſi 
ed for every Single ure in Root. Conlequently bill 
theſe Points is known how many places of Figures there wilt 
be in the Root, viz. So many Points as there are, fo mani 
Figures there muſt be in the Root, and whether they mu 
be Inmtegers, or Dicimals parts, is eaſily determined by tif 
reſpective places of the Points. . 


Sect. 2. To Extract the Square Root, 


And Firft how to Extract the Square Root, according wi 
the common Method. 4 
Hlaving pointed the given Reſolvend into Periods of T1 
Figures, as before di „ then by the Table of Pony 1 
(or otherwiſe) find the greateſt Square that is contained i 
the firft Period towards the Left Hand; (ſetting down it 
Root, like a Quotient Figure in 5 and SubRtraf thi 
Square out of the ſaid Period of the Reſolvend: To the] 
mainder bring down the next Period of Figures, for a Di 
dend, and double the Root of the firſt Square for .a Diviln; 
inquiring how oft it may be had in that Dividend; $01 
when the 8 Figure is annexed to the Diviſor, and thi 
increaſel Niviſor being Multiplied with the ſame Onotin 
Figure, the Product may be the greateſt Number that canh 
taken out of that Dividend; which Subſtratt from the i 
Dividend, and to the Remainder bring down the next Peri 
of Figures, for another New Dividend ;, Then ſee how ofts 
the Laſt wcreaſed Divifor, can be had in the New Dividend 
(with the ſame Caution as before, viz. ) So as that the 0 
ricnt Figure being Anne xed tothe Diviſor, and thatuncred| 
Diviſor Multiplied with the ſame Quotient Figure, their / 
duct may be the greateſt Number that can be Subſtracted fra 
the New Dividend. (As before) And fo proceed on fro 
Period ta Period; (viz. from Point to Point) in the Ve 
ſame mamer, untilall be finiſhed. 

An Example or Two being well obſerved, will render ti 
Work of forming the Ney Diuiſors, &c. more Plain 4 
Euſte, than can be Expreſſed in a Multitude of Words. 


Ex 


ad. 
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* = 1. Let it be _ uired to Extratt the Square Root 


1 99960721. This Reſolvend being prepared or 
Went of bee Zircgel will fand) nn i 


_ 

3 
* 7 
— 


Thus $72199960721 Bug? the Root 
42 = the great in 57. 
Diviſor, 145) 821 5 
| 5 725=145*5 
=. Diviſor 15 6) 2 0 
3. Diviſor 1 124) 66396 
l 1 0489 7715724 94 


. Dei. 151283) 580807 
3 4888 151283 x3 
Ws. Diviſor 1512869 


) 13615821 | 
9 136135821 = 1512869 * 9 


Proof 756439 * 756439 = $72199960721 the Reſolvend 
Example 2. What's the Square Root of 1850701,764025 


Operation 1850701,764025 (1360,405 


I 
23) B5 
1 
266 1607 Hence 1360, 405 is 
6 1596 7 the Root — 
17204) 1101,76 
4 1088 16 


F 13 604025 


$ [3 604025 


Example 3. What's the Square Root of 0,06576225 De- 


mal parts. 


Operation 0,06076225 (0,2465 the Root required. 


204 * 32 
44 207 a "AE 
3 TE. 0,24 5 x 0,2465= 
e Prof 8 0,06076225 the 
6 2916 C Reſolvend, 
4925) 24625 
—7 24625 


(o) What 


* 


* — — 


128 


a FL QC. MAS... 


SA e Page BANS oo 9 
Example 4. Let it be required to Extract the Square Rox 
of 3%. Frſt 21 —0,64 © EI N 
Then 0, 64 („8 the Root required. 
64 N | Io 


In theſe Four Examples the Reſolvend hath been a perfel 
Square ; and therefore the Root hath been Extratted without 
Leaving any Remainder : But it IP often happens that the 

Vumber,-according tothe 
ropoſed Power. - That is, it's not a perfect Square, Cube, 


Reſolvend is not a true Figurate 


iguadrate, &c. And then ſomething will Remain after the 
Extraction hath been made throughout all the Points. Such 
Numbers are called Surd Numbers, and their Roots can neyet 
be truly found, but will become a Continued Series ad infin 
tum; If to the Remainder there be {till anne xed Cyphers ac- 
cording as the propoſed Power requires, viz. by Two's in 
the Square ;, Three's in the Cube; Four's in the Biguadrate, 
&c. And the Operations continued on as before. 

Example 5. Suppoſe it were required to Extract the 
Square Root of 6968 


Operation 4 (83,4745. Cc. 
163) 568 
OR 7 
1664) 79,00 : 
. 
16687) 12 4400 
„ 
166944) 750100 
R 
1669485) 9132400 


3 2347425 
1669490 78497 
Thus the Root of a Surd Number ma 
what Exattneſs you pleaſe, but rho 


Cc. 
e continued on to 
e truly found. 


In my Compendium of Algebra, Chap. 9. I have propoſed 
another way of Extratting the 
Examples of the Work: 
thus, 


Square Root, and there given 
Which to Avoid prolexity 5 
Having 


4 + % N 8 A OO nn. 
1 ; 2 1 
Arithmettn. Par 

89 * : ws S + 


What is here done in Whole'Nimbers, Mix d Number, 
and Decimals, may alſo be done in YVulgar Fractions; if ya 
firſt Change the given Frattion into Decimals.. (As u 


Having pointed the given Reſalvend, and taken the Greateft 
ſuare to the Frft Point fen It, 1 Then Divide 
he Remainder of the whole Reſolvend by 2 (that is halve. 

ct) and Point it er, (This I call a New Devidend) Then 
iake the Roor of the Fir Square a Diviſor, inquiring how 

tt it may be found in the New Dividend to the next Figure 

Worward, reſerving that Figure under the next Point, for the 

alf Square of the Quotient Figure. Which being found, 

Aaltipiy the Diviſer With it, adding to that Product the Tens 
f the half Square if there be any; As in plain Diviſion. 
Then annex the Quotient Figure to the Laſt Diviſor, for 
; New Diviſor, with” which proceed in all 8 as with 
e Laſt Diviſor; And fo on until all be finiſhe Wo nt 


Example 6, What's the Square Root of 2999667969 
Operation 299066706; 85 5 ö DEED 

— 25 (S The Hrſt Single Root. 

2) 490667969, The Remainder tobe Divided by 2 


* 


— 1. 
9 * ere 


i Root 5) 2483339845 (54687 


- 
N 


+. 4 208=5x4:-+ the Square'of 4 viz. 128 
N 
„ ee = 54x6: +3 the Square ofs 


Nur 546 I'T | 7339 — AS + 2 Wal * | | 
oat he 712 =546%8 $243 the Spuure of 8 
r 5468) 382784 5 ——— 5 
* 7 8278755 =$468 x7: ＋i the Square of 7 
8 1 8 | 
Hence the Root is found to be $4687 As was required. 


All the difficulty in this Method; is only in the true pla- 
Ing of the half Square of the Oltorient Figure, when it hap- 
us to be an odd Number; Iñ that Caſs you muſt bring 
un que Figyre. more of the Dividend; viz. of the next 
rid; Anden Which place the odd 5 that will always ariſe 
om the half Square.of an oda Number : As 7 Whoſe Square 
49 the half of which. is 245 to be placed as in the Laſt, 
Peration"of this” Example. 3 N. TRUE CHER | | 


N. B. Men t her Fiemene the Root of a Surd 
lumber are F 7 you — not proceed in Extracting the 
bole Root xs before 3 bit bu tp one Figure more than half 


* deſigned Nuniber” of Figures: for the reft may be obtained 
an Diviſion, | AOL 


: 
* 


— 


WW 


8 Example 


: "I I_ © s Aru Part U 


—. r 


Er . Sn it were cond inc to Extratt the = 
Square Rout 's 7 (a 85 Number) to have 5 welve places d 7 


Nur Bade ir. ; [ID 
4 (e | ren net the Tex 


-4 ) * 5 = half the Remainder- 
r W ; the e Square of 0,6 = ail 
7 26) 120 A 


n ut 8 
i _ 284975 * * 


3387 8228855 IP 
* Having thus got 7 of the 12 F gures required | in ti 
Root; the reſt may be eaſily found by the Comrattea Way | 
Divi fi ion propoſed in Page 68. | 


Thus 2,6457571) 82299950 (ckundhune 
* ez 


1 5 
＋ 500 1851745 
＋ 


- \ : a 
120 5 \* kT a4 13G 5 a 


Rute Ti a the iy of 7 "Ts be zap üs 
a be 10% Wiler Ev Acting th 

ou have Tipo Ways o 7 t are 

the er of them may be We as 915 5 dee. 


Seck. z. To Ettram Ne . 


my Pr! that WW A. du 
Gu R M Nes propoſe n 
Vw ol be mits Fore: 70 both,which.axe 5 be vd 


Muc 


" {It 36 1 "Xt 5 Hin 


— A _ hs —_ AA — 8 — 


Part 1 


132 


— 


Example 1. . 


What's the Cube Root of 1463631 3 the given Reſaluend iu 


— 


be pointed thus 146363183 (5 the Eirft Root Leſs than juf 
nt? r 


$00x#3 = 1500) 21363183 (14242,12 n New Refolveni 


Firſt Root 5 ) 14242,12 ( 527 | the Root required. 
— +2 104 a > * 8&3 „ ? | 
1. Diviſor 52) 3842 

. = 3 
2. Diviſor 27 (153) the Remainder to be rejected. 
Here the Root 527 is the true Root at the firſt Operatin, 
i be eaſily tried by h 5 8 7% y Ke 
at is 527 * $27 * 527 = 146363103 the given Kea 
vend. But 5 G bud not — the true Root; Then ever] 


thing that hath been here done muſt have been repeated; 
Only inftead of the firft Single Root ( viz. 43 you muſt har 


—_ ww * — 
E 
* 3 


— 


wy — * CY 


- — , 
we. — 4 * 
— 


I1 


taken the mae + Root ( viz. $27 and this I call a $ 
cond Operation; Which would increaſe the Laft Root to Mu 4 

places of Figures. viz. every Operation Triples the Num 
of 8 in the Laſt Root; As will appear further on. 

N. B. It often * that Four, or ſometimes Five Plat 
of Figures maybe taken into the Root; Eſpecially when the . L 

cond Place proves to be a Cypher. That is, when the Fi 
Cube comes very near to the 2 Period of the Reſolvend. W: D 
en 1 ene +. 5 4 q 
What's the Cube Root of 675078 4239 000 Noot I 
: Firſt neareſt G Ty 0 (than) At 
Foot 4000 3 = 12000) "3507824239 (2023 18,68 BW" 
4 ) N : | * 


wil 


+0. . 202318,68 (40,8 
1. Diviſor 2 „ 


| 22 7 
2. Diviſor 407 ) 7418 
Ka ro BEE 2272017” "4 
3. Diviſor 4071 ) 337,68 
| = 5 325744 &c. 


' Root =  4071,8 $1 | 
In this Example I have taken Five Figures into the A 
becaule the Second Place proved to be a Cypher. And in 
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Five the Exceſs is not an Unit in the Laft Place : for e 
wete made à Second Operation, the Root would be 4071,78 


Kc. As may be eaſily tried. 


| : Example z. 

et it be required to Extract the Cube Root out of this 
Ninmber. TT | 

r 976379602989073960279630298890 

W The neareſt Cube to 976 is 1000 whoſe Root is 10 being More 


than juſt ad 3 * * . . * . * . 
Its Cube is TOQO000000000000000000000000000 


— 976379602989073960279630298890 the Reſolven4 
Remains 23620397010926039720369701110 | 


he firſt Root 10000000000 * 3=30000000000 the Diviſor. 


en 30000000000) 23620397010926039720369701110(* 
1 OCOOOOCOOOOOC 


? 


jo 


in Koo: 10) * 787346567030867990 = New Reſol. 

—00 ren 

. Diviſor 100 7873 | 
— 2 59 7 | 

. Diviſor 993 92246 Firſt Root = I0000000000 
_— 89209 —_007929 

. Diviſor 9921 295756 99207 10000 | 
— 2 198416 ; | 

, Diviſor 99208 9734070 
=”. 8928630 

Diviſor 992071 &c. 0 


n at this Ert Operation I take but 99207 to which I Annex 5 | 
oer, for the remaining Points, viz. 9920700000 which 
volved to the Third Power or Cube, for a Second Operation. Y 


will be 976398156022743000000000000000 

— 97637960298907396927963 0298890 Reſolyend, 
Remains | 18553033669939720369701110 
he Laſt Root 9920700000x3 =29762100000 the new Diviſor 


hen 29762100000 ) 18553033669039720369701110 (* 
* 623377841921091 The Quotient or New Reſolvend. 


ſt Root 99207 being More than juſt, therefore the new 
Nients muſt be Sulſtratted as in the Laſt Operation. 
the | F 

F. 


Thus 


. 


4 | 1 N | 
134 —  Arithmelich, . 


Thus . 8 51 
99207 ) aper (62836,45 

"ES > fit bom 

Diviſor 9206s 28139441 


Note in thisOpe. 


, + 
—_— A a 
— 2 
3 o 4 
. Kt 
ho" — 2 — — 


ö 1984127 25755 all 1 
2 Igures on thi 
Diviſor 99200 38 8 ant 3 ft / the Lin | 
( 99206372 3616561610 ＋ ors fte | 
e e 2976191151 * 


992063717 64037 
— 6 95231822984. 


11 
of 
. 
* . 
4 
i ©] 
3 
1 
i A 


9920637164 451 22300700 mit ted. 
ww ot 96 05 
9920637163, 6 1415 
— 2 318581775 
992063716355 &c. 
Laſt Root 9920700000 
"I 62836,45 &c, 


9920637163,55 the Root required. 


Thus I have ce the ne Xoor to Twelve 2 of 
Figures. VIZ. 9920637163 at Two Operations; being but 
an Unit too much in the Pt Place of it, as may be une 
by involving it to a Cube, and comparing that Cube with the 
given Reſolvend. 1 
In the ſame manner the Cube Roots of Decimal Parts, ot 
of Vulgar Frattions, being firſt Changed into Decimals, ma} 
be Extratted, mo | | 


Sect. 4. To Extract the Biquadrat Roof, 

In Extracting the Biguadrat Root, or that of the Fourth 
Power; ( and indeed the Roots of all even Powers ) thets 
is ſome fmall Difficulties, not fo eaſily expreſs'd and Er 


. 


plain d in a few words, as they are by an Algebraick The 


Tem ( ſuch as ſhall be ſhewed further on) 1 have therefor 
in this place, made Choice of Extratting ſuch Roots by TI 
ſeveral Extractions; And the rather becauſe I preſume th 
Reader by this time throughly acquainted with the buſiv% 
of Extratting the Square Root, by which this may ealily b Cab 
performed. Thus c I 
Firſt Extract the Square Root, of the propoſed Reſolver 
Then the Square Root of that firſt Root will be the Biqg#4W'c 
drat Root required, ' Ws lhe 


Exit 


* 
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Erne 1. What's the Biguadrat Root of 16. 
i. rats its Square ms 48575324 


Thus 48575324 


— 36: LF Gly "She whoſe Root is 6 
1257532416 Reavainder to be Divided by 2 


rirſt Root 6) e Un 


＋ 
69 
254% 6 
696 
_— 


ng the 1/. Root, whoſe Synay 
Then 69696 22 Root us now be Extratted. y 


Wo Remainder to be Divided by 2 
ia. Root 2 ) 14848 (264 the Biguadrat Root as was 


br 1 Required 
the 26 ) 2 | | 

+ 4 1048 
, 0 264 (0) _ 


ma This is ſo Eaſie I need not Inſert at any more Examples, 


Sect. 5. To Extract the Surſolid Roc, 


our Having pointed the given Reſolvend according as its Inder 
chene Denote s; viz. into Periods of Five Figures; Seeking ſuch a 
| Ex ſolid Number in the Table of Powers (or ot herwiſe) as 
comes the neareſt to the Fr/# Period of the Reſolvend, whe- 
reforMtter Greater or Leſs 3 and call its porting Root according: ' 
y In ly; viz. More than N 5 Or Leſs than Juft ; annexing 10 | 


ne tht many Kearns toi there are remaining Periods of whole 
. E Wy in the po meas! by As before in Extracting the 
got. 


der find the difference | kativden the Reſolvend, and the 
Wſohd- Number fo taken, by Subftrathing/the Leſſer - from 
lite Greater, (as before in the Cube) None. find the Cube of | 


lhe boreſaid! Strſolid Roct with its annexed Cyphers, (which 
PTY? you | 
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you may alfo do by the Table of Powers) and Multiply that 
Cube with 5 the Index of the Surſolid, the Product muſt be 
' a Diviſor, by which the Difference between the Reſolvend, 
and the Surſolid Number muſt be Divided; that fo it may be 
depreſſed to a Square (as before in the Cube) which mult be 
pointed into Periods of Two Figures each, calling it the Ney 
Reſolvend. (As before) Then make the Hirſt Root, without 
its Cyphers, a Diviſor Inquiring, how oft it may be found in 
the Firſt Period of the New Reſolvend, with this Conjider« 
tion, if the Root (now a Diviſor) be Leſs than Juſt, you 
muſt annex Twice the Quotient Figure to it; but if it be More 
than Juſt, you mult Subſtract Twice the Quotient Figure from 
a Cypher ejther anne xed, or ſuppoſe to be anne d to that 
Diviſor or Root, Multiplying it fo increaſed; or diminiſbel i 
with the ſaid Quotient Figure, ſetting down their Produ, 
&c. As before, An Example-in eagh Caſe will render it plain 
and Eaſie. | | 

Example 1. Suppoſe it be required to Extract the Surſoli 
Root out of this Number 12309502009375 © 


12309502009375 The Reſolvend Pointed. 
The neareſt Surſolid Number to 1230 the Firſt Period d 
the Reſolvend, is 1024 'whoſe Root is 4 being Leſs than 

Tut . . : 12 

Therefore 1230950 2009 37 6 8 
1 5 „ 

. 2069502009375 their Difference. 
Next the Cube of 400 is 64000000 per Table, &c. 
And 64000000* 5 = 320000000 the Diviſor. 
Then 320000000 ) 2069502009375 (6467 GW. 

= Firſt Root 4 6467 (. | An A 7 . | 

+ z 2 4 Tit Root = 40 

Di viſor K libr: Uns 
-+ 5 *2== 10. 2150 the true Root 415 as requit 
Diviſor 430 (117) the Remainder to be rejected. 

That is 415 is the Surſolid Root of the given Reſolvent, 

As may be eaſily ttied by involving it to the Fifth 51 8 

v. 415 415415 $415 $415 = 12399502009375; 

given Reſolvend. An 0 Ne e 0 | N 


2 8 „nn = g 444 
*Y * rt . 
o 
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Of Extraiting 


Example 2. What's the Surſolid Root of 2327834559873 
The neareſt Surſolid Number to 232 is 243 Whole Root 
3 being More than Juſt: | 
Therefore 2430020000000 
| — 2327834559973 | 

Remains 102165449127 For a Dividend, 
WT he Cube of zoo is 27000000 And 27002000 * 52135020000 
hen 135000000 ) 102165440127 (756,7810 New Reſclvend, 


Firſt Root 300) 756.7819 ( 2,558 
— 0282= 4.398 . 
Diviſor 296) 164,78 
—55* 2 18. 142212 
2 Diviſor 2950 ) 17,2810 


—,05 x2 = 112 _ 14,7450 
| 29490) 2,30 Sc, 


The Fir/ft Root was 300, being More than Just. 
Therefore it is — 02,558 


The New Root 297,442 And is very near the true 
boot, Which is _ 297,436 Ce. Now the Reaſon wh 
his Root comes out to ſo many places of Figures at the Fir 


peration; is becauſe the Firſt Surfolid Number was ſo near 
he Reſaluend, &c. As before, 


Sl. 6. To Extract the Rot of the Square Cuber, 


This may be eaſily perform'd by Two Extractions; ac- 
ording as its Name Denotes. 
Thus, Firſt Extract the Square Root of the given Reſol- 
end; den Extract the Cube Root of that *. Root: And 
R Root required. That is, it will be the Root of 
e Sixth Pamer,r ba ad 1 
Or thus, Firſt Extract the Cube Rao of the Reſolvend, 
hen Extract the Square Root of that Cube Root: And it will 
& the Root required. en ee e | 
Example 1. Let it be required to Extract the Square Cubed 
of out of this Number 145220537353515025- the Reſol- 
bend. *. | | | 
Firſt I Extraf# the Square Root, of this Reſalvend, which 
ike to be the beſt and the eaſieſt way. 


T: Thus 
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Py 
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Rn e e 
e : 

Remains © $5220537353515625 To be halved: | | | 

Then 3) 27610268676757812,5 ( 38ro78158 

4+ WW: - 


8 
4 
FT: 


92 
381078) 7634757 
- x _ oo 
3810781) 95269528 
. 
38107812) 1905390612, 
1 SHOTS 
| 381078125 (0 bs 
Having found the Square Root of the given Reſolvend, 
proceed to Extrat#the Cube Root of that Square Root. 


Trhuhat is, of 381078129 
— 343 7 the neareſt Cube, its Root is d 
Then 700 * 3Z=2100) 38079125. ( 18161 


2 I 
1. Diviſor 72) 3761 Firſt Reot 700 
Bert 5-1 a 3625 2 
2. Di viſor 7 (136) ROY 725 


Hence I find 725 to be the Square cube Root required; i 
may eaſily be tried by Involving it to the Sixth Power, 

That is 725 x 725*725 * 725 $725x795 Will be foul 
=145220537353515625 the given Reſolvend. 


Sec. 7, To Extract the Not of the Seventh Power. 
Having pointed the given Reſolvend, as its Index Dent 


Viz. into Periods of Show Figures ;, Seek out ſuch a Nun 
of the Seventh Power; by the Table of Powers, as comes & 


nearel 


dc ack Ahn. Ee 3 * a 


5 
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Weareſt to the ſinſt Period of the Reſoluend; whether it be 
Wreater or Leſſer, calling its reſpective Roor More than Taft, - 
Wr Leſs than Juſt, anne xing its proper Number of Cyphers, 
c. As in the Cube and -Surſolid.'. W 
Then find the Difference between the given Reſolvend, 
ad that Number of the Seventh Power (found by the Table 
H Powers) by Sulſtracting the Leſſer from the Greater. 
= Next find the Srſolid or Fifth Power of that Root with its 
WArexed Cyphers (which you may alſo do by the Table of 
wer,) and Multiply that Surſolid Number with 7 the In- 
| lex of the given Reſolvend, that Product muſt be a Diviſor 


1 
Y 


Wy which the foreſaid Difference muſt be Divided; that 0 

Wt may be depreſſed to a Square, to be Pointed, &c. As before 
Wn the Cube, &c. Then make the Eirft Root, without its Cy- 
u Diviſor Working with it and the New Reſolvend, 
Was before,) only here you mult Iacreaſe, or Diminiſb the Di- 
iſor with Thrice the Quotient Figure, 


Eee. 
What's the Second Surſolid Root, or that af the Seventh 


Power, of 236 8125 the KReſolvend pointed, 

| ++ 8333 NMasber of 3 
15543655 3955078125 their Difference. | 

The Firft Root is 300 being Leſs than juſt; And the Fifth 
power of zoo is 2430009000000 Which being dultiplied 

ith 7 is 17010000200000 for a Diviſor, by which the 
aforeſaid Difference muſt be Divided; which Contratled 

may ſtand thus 1701) 15543655 (9137,95 Kc. 


Ent Root 3) 9137 (25 © 


"2x3 ="6 15 En Root = 300 
1. Diviſor c Jad, IG 241 i++ ag 
x5X3= 16 I Te Root 325 


— 


Diver 375 (82 the mainder to be rejected as 
as before. 


hence I have found 325 to be the true Root required, 
that is, the true Root of the ſeventh Power. | 
[think it needleſs to proceed farther ; nr. to Inſert Ex- 
es of higher Powers. For if what is already done be 
vel underftood, it will be eafte to conctive how to proceed 
min Exrr ating the Root of any Single. Taper, how high ſocver 
| it be (for the Method is Gern and alike in r 
2 | ue 
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due regard being had to their Indices; and to the 5 | 
gle fide or Root, That is, whether it be More, or Lei dal 
Juſt &c. 4 

Feet methinks I hear the young Learner ſay, tis pa 


* 


9 
1 


to follow the Directions and Examples, as they are here 40% 


Erorr committed in any one Figure (as tis poſlible the w 
may ) it ſpoils the Whole Proceſs, which muſt then WlW-: 
wholly begun a nem, or at leaſt from that Part of it whe of 
the Error firſt entered. | | | 

But the Nature and Deſign of the Afethod which I. 
here laid domn, ĩs quite otherwiſe ;, it being ſo contrived Wlita 


to gradually Leſſen the Difference betwixt any-propoſed Pu 
er, and the like Power of another Number afine N. 
Leſſens that Difference until it's either quite uanquiſb dior 
come To Infinitely ſmall às to be Inſigniſcant. n 

Therefore when any Number is propoſed to have its J 
Extratted; it is here required to take the next eareſt lu 
of the ff Period in the Reſelvend; that ſo the Differem 
berwixt rhe given Reſelvend, and the Homogencal Tur 
(iz. the like Power ) of the Noot thus taken, may be 1 
either in Excefs, or Pefect. Which Difference being red 
or depreſſed Lower, becomes ſo prepared, that by plain 
Lion ( comparatively) there will ar ife ſuch C norient Fight 


Chap. 11. Of Extrarting Roots, Ec. 14x 


as will both correct and Increaſe the firft Root to Three places 
of Figures at Leuſt, ſometimes to Four, or Five places of R. 
W 2725; according as the ſaid firft Difference happens to be 

Wore or Leſs ;, (of which you may have obſerved Inſtan- 
ces) But yet there will be a Remainder left, and perhaps an 
Exceſs or Defect in the Root ſo increaſed; viz. in the laſt 
Feure of it. | : 

Now to Retifie the ſaid Exceſs or Defed? in the Roar, and 
to diſcover whether the given Reſolvend be a true Fignrate 
Number or not: That is, whether it have a true Root of 
it's kind. It will be zeceſſary to make a Second Operation ;, 

taking the Root ſo Beef, and proceedim with it an 

the given Reſalvend, in all reſpects as in the firſt Work (like 
to the Third Example of Extratting the Cube Root) 1 ſay, 
if the given Reſolvend have a true Root, it will appear at this 
Second Operation, and all the aforeſaid Differences, &c. will 
de vanguiſhed ;, provitted the Root required is not to have 
more than Three (or Four) places of Figures in it. 

| But if the Root be to have more than Three Fgures in it ; 
© Or, that the given Reſolvend prove to be a Surd Number, 
hen there will be a Difference as before; which will afford 
DI 2 notient Figures to Rectifie and Increaſe the Root laſt taken, 
t three times as many places of Figures, as it had at the he- 

a 2 inning of that Second Operation. As you may ſee in the 
aforeſaid Example 3. of the Cube Root; wherein that Noot 
is Increaſed to Twelve places of Figures at Two Operations; 
which it it were to be Extracted the old (and ſtill com- 
mon) way, it would require at leaft forty times the Number 
of. Hgures | have there uſed. 

Again, if there Chance to be a miftake committed in anyOpe- 
ration perform'd by the Method here laid down, that mi- 
ſtake will not deſtroy the precedent Work, but will be Re&;- 

ed in the next Operation, although it were not diſcovered 
before, And thus you may proceed on to a Third Operation, 
which will afford 27 places of Figures in the Root &c with 
very little trouble if compared with former Methods. 

This brief account, which I have here given; ( way of 
xplaining the Nature of this Method of Extratting Roots ) 
deing well conſidered and compared with the ſeveral Operati- 
2s of thie foregoing Examples: Mult needs help the Lear- 
to form ſuch an Idea of it, that he cannot ( preſume) 
Mt underſtand how to proceed in Extratting the Root out 
any Single Power, how high ſoever it be; without the 
ep of an Algebraick Theorem, Not, but when that comes 

o 


* 
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to be once underſtood ; the Work will be much readier 
and eaſier perform'd :; As will appear in the next part. 

I did intend to have here inſerted, the whole by/ineſs of 
Tntereft and Annuities ;, But finding that it would require 
too Large a Diſcourſe, to ſhew the Grounds and Reaſons of Wi 
the ſeveral Theorems uſeful therein. I have therefore reſe;. i 
ved that Work for the cloſe of the next Part. Neither in 
deed can the Raiſing of thoſe Theorems be ſo well delivered 
in worde, as by an Algebraick way of Arguing > Which rer 
ders them not only much ſorter, but allo plainer and egfin 
to be underſtood, | * 

I have allo Omitted that Rule in Arithmetick, uſually c 
led the Rule of Poſition or Rule of Falſe. Becauſe all ſaci 
Queſtions, as can be Anſwered by that Gui Rule; ar: 
much better done by any one who hath but a very inal 
ſmatering of Algebra. I ſhall therefore conclude this par 
of Numerical Arithmetick ;, And proceed to that of A 
braick Arithmetick, wherein I would adviſe the young Lea 

ner not to be too haſty in paſſing from one Rule to another, 
and then he will find it very eaſily to be attained. 
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IN TRODUCTION 


TO THE 


Mathematicks 


PART. II. 


Proem. 


YT | Azving formerly wrote a ſmall Tract of Algebra per- 
A haps it may ſeem ( to ſome ) very improper to mrite 
4 again upon the ſame Subject; but only (as the uſual 
tom is) have refer'd my Reader to that Trait. However, 
ecauſe the following Parts of this Treatiſe, are managed by an 
lgebraick Method of Arguing :, which may fall into the hands. 
thoſe who have not ſeen that Tratt ;, or any other of that 
ind: I thought it convenient to accommodate the young Geo- 
neter with the firſt Elements, or Principal Rules by which all. 
perations in this Art are perform'd : That ſo he may not be 
t a Loſs as he proceeds further on; Beſides, what J for- 
erly wrote was only a Compendium of that which is here fully 
andled at large, 
The Principal Rules are Addition, Subſtraction, Pulti⸗ 
lication, Diviſion, Involution, and Evolution; as in 
ommon Arithmetick (but different! erform'd) And 
eretore ſome call it Algebraick Arichmetick. Others 
all it Arithmetick in Species, becauſe all the Quantities 
ncern'd in any Queſtion ;, Remain in their Subſtituted Let- 
„ (howſoever managed by Addition, Subſtraction, or 
lutiplication. &c.) without being deſtroy d, or changed 
to others, as Figures in common Arithmetick are. 


Mr. Harriet call d it Logiſtica Specioſa, or Specious Com- 


tation. 


— 


AN 


CHAP. 


Algebꝛa. 
CHAP; I 


Concerning the Pethod of Noting down Quantities 
Fs and Tracing their Steps. &c. 
Sec. I. of Notation, = 
The Method of Noting down Letters for Ouantities, 3 
vavriexs according to every ones fancy; But I ſhall here fol. Wi 
low the fame as in my former Tratt. And repreſent the 
uamity fought (be it Line, or Number, &c) by the 
ſmall 8 and if more Quantities than One are fought, . 
wes them by the other ſmall Yowels; e. u. or y. 
he * uantities are repreſented by the ſmall Conſe 
wants b. c. d. J. g. &c. FE, | ; 
And for diſtinction's ſake, mark the points or ends of Ling 
in all Schemes, with the Capital or great Letters, wit 
2B. CD: AC. 4 
When any Quantity (either given, or ſought) is take 
more than once, you muſt pref.x its Number to it, As uM 
ftands for a taken three times, or three times a, and 7 
ſtands for ſeven times b &c. 
All Numbers thus prefixt to any Quantitie, are called 
 Co-efficients, or Fellow-Fattors;, becaule they Multiply the 
uantity; And if any Quantity be without a Co-efficien; 
it is always ſuppos'd, or underſtood to have an Unit pre 
fxed to it; As 4 is 14. or b is 16 &c. 
* The Signs by which nn are chiefly managed an 
the ſame; and have the ſame Signification, with thoſe in 
the fir ft Part Page 5. which I here preſume the Reali- 
to be very well acquainted with, To them muſt be her 
Added theſe three more. | 


S the 8. on Involution, 
Viz. 2 EC of Evolution, or Extracting of Roots, 
. Trrationality, or Sign of a Surd Rui. 


All Quantities that are expreſs'd by Numbers only (i 
in V. ag Arithmetick) are called Abſolute Numbers. 
Thoſe Quantities that are repreſented by Single Lett 
as 4. h. c. 4. &c.or by ſeveral Letters that are immediate) 
joyned together, As ab. cd, or 7bd. &c. are called Sim 
or Single whole Quantities, 
But when different Quantities repreſented by diff 
or unlike Letters, are connetted together by the WW 
(Tor -) As a-i-b. a—b. or ab-|-dc &e. tit 
called Compound whole Quantities, A 
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And when Quantities are Expreſsd or ſet down like Vulgar 

828 4a E= ab A- dc 
Factions, Thus 5 Or 2 Or = &c. 
they are called Fractitional or broken Quantities. 

The Sign wherewith Quantities are Connected, always be- 
Jongs to that Quantity which immediately follows it; And 
therefore all the Quantities concern'd in any Queſtion, may 

ſtand in any order at Pleaſure, viz. the moſt convenient for 

Wt he vext Operation. As a--b— d may ſtand thus 
44 Or thus a—d+b Or —d+a-+b &c: 
Wt hee being ſtill the ſame tho' differently placed. 

That Quantity which hath no Sign befors it ( as Generally 
the Leading Quantity hath not) is always underſtood to 
Wave the Sign = before it, As à is +a Orb - d is +b—4 
Wc. for the Sign 4 is the Affirmative Sign, and therefore all 
Leading or Poſitive Quantities are underſtood to have it, as 
Vell as thoſe that are to be Added. | | 
W But the Sign — my the Negative Sign, or Sign of Defect, 
Where is a neceſlity of prefixing it before that Quantity to 
hich it belongs, where-ever the Quantity ſtands. 


Se. 2. Of Tracing the Steps uſed in bringing 
Nttantities to an quation. 

The Method of Tracing the Steps, uſed in bringing the 
Quantities concern'd in any „ to an e/Equation, is 
eſt perform'd by Regiſtering the ſeveral Operations, with 
Igures and Signs placed in the Margent of the work, ac- 
ording as the ſeveral Operations require; being very uſeful 
n long and tedious Operations. NES 
For Iaſtance: If it be required to ſet down,and Regiſter the 
hum of the Two Ouantities a, and b, the Work will ſtand, 


Thus | 1] 4 Firſt ſet down the propoſed Quantities, 
11 2112 and b over againſt the Figures 1.2 
Un 23a in the Small Colum, (which are here cal. 


— led Steps) and againſt 3 (the Third 
ep) Setdown their Sam, viz. a b. Then againſt that 
bird Step, Set down 1-4-2 in the Margin; which Denotes 
at the Quantities againſt the Firſt and Second Steps are ada- 
4 together, and that theſe in the Third Step are their Sum. 
To Ilaſtrate this in Numbers, Suppole a g and b =6 
em it will be, | 


I} 4 29 
26 . 5 
2 3] 4+b=9g4+6=15 
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Mord) ſigniſie the 2 or Product of thoſe Quantiti 
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gain, If it were required to Set down the Di erence of | 
4 — Two Quantities, Then it will be, 2 f 
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+ 
4 2 9 
= 6 


Or if it were required to ſet down their Product. 
Then it will be, 


Thus [1l a =9 
215. =6 _ 
3] a xb orab=9 x6 = 54 s 


Ec. 
Note, Letters ſet or joyn'd immediately together, (likes 


x Xx 2 


they Repreſent. As in the Laſt Example, wherein ab =y 
the Product of a=9 and b = 6. &c. 


Axioms. 


1. If equal Quantities be Added to equal Quantities, th 
Sum of thoſe Quantities will be equal. 

2. If equal Oyantities, be Taken from equal Quantitit 
the 88 Kematning will be equal. 

3. If equal Oyantities, be Mulliiplied with equal Quant 
ties, Their Pzoducts will be equal. 

4. If equal Quantities, be Divided by equal Quantit, 
Their Quottents will be equal. 

5. Thoſe Quantities, that are equal to one and the ſam 
Thing, are equal to one another. | 


Note, I Adviſe the Learner to get theſe 5 Axioms perfet 
ly by Heart. 

Theſe things being premiſed, and a perfe& Knowledge 
the Signs, and their Significations being gained, the Youll 
Algebraeſt may proceed to the following Rules, But fir 
muſt make bold to Adviſe him here (as I have former 
done) that he be very Ready in one Rule, before he wan 
rakes the next. | 

That is, He ſhoutd be expert in Addition, before he mt 
ales with Subſtrattion; Aud in Subſtrattion, before he und 
rakes Multiplication, &c, becauſe they have a depended 
one upon another, | i 2 
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CHAP. 2» 


oncerning the Six Principal Rules, of Algebzaick Arith⸗ 
metick, of whole Nuantittcs, | 


Sec. 1. Addition of whole Quantities. 
Addition of whole Quantities admits of Three Caſes. 


Caſe 1. If the Quantities are like, and have like Sigus; 
ad the Co-efficients or prefixt Numbers together; and to 
heir Sum adjoyn the Quantities with the ſame Sign. 


| | Exam. 1. Exam. 2.| Exam. 3. Exam. 4. 

11 4 — a | 5b — bc 
125-87: — a | 3b | — Bbc 

＋ 213 24 24 | 8 — 15bc 


Exam. 5. | Exam. 6. | Exam. 7. 


Il34a+ 5b] 34 — 5b Gab + 12 
2] 24+ 7 24 — 7 3ab + 24 
-1-2\3 5a + 126| 5a — 125] gab + 36 


The Reaſon of theſe Additions, is evident from the Work 
Common Arithmetick. For ſuppoſe a, to repreſent one 
rown, to which if I add One Crown, the Sum will be Two | 
rowns, or 24. As in Exam. I. 

Or if we ſuppoſe —a, to repreſent the want or debt of One 
rown,to which if another want or debt of One Crown be ad- 
led; the Sum muſt needs be the want or debt of Two Crowns, 
r 23. As in Exam. 2. And ſo for all the reſt. 


Caſe 2, If the Quantities are alike, And have unlike Signs; 
Subftratt the Co- eſſictents from each other, and to their diffe- 
ence joyn the Quantities with the Sign of the Greater, 


| | Exam. 8. | Exam. 9.| Exam. 10.| Exam. 11. 
I | + 5a — 5a hc — gabad 
21 — 34a ＋ 234 | — 6bc — -- 7abd__ 
. 3 | 23 | — 24 $05, HET — 2abd = 
| | Exam, 12. Exam. 13, 


Il 73a — 5b you 8ab — 7e + 15 
2E 2 2% 24. 
AL 4 — 9 
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. o * - 


betwixt Debtor and Creditor. -. Sn 

That is, The Affirmative Quantities repreſent the Stock o 
Creditor; The Negative. Quantities; repreſent the Debt, 
And their Sum repreſents the Ballance, &c. 

Caſe 3. When the Quantities are unlike, Set them al 
down, without altering their Signs; and thence will aride 
compound Quantites, which can be no otherwiſe Added but 
by their Sg. | 


x 


Thus | 1 | a 5b + dc 
TS +81 —b 44 — 20 
1+2|3/a+061. a—0| 5b + 7dc-t- 44 —20 _ 


_ — — 


Here followeth a few Examples wherein all the 3 Ca 
are promiſcuouſiy concerned. 


1 1 8ab + be — 37 
2 — gab | — ab — be +- 42 — 64 
142 | 3 | a4 — 2ab+bb | ab+5 — 64 _ 
1 | aa— 2ab +-bb obc + 7ah — 45 
2 44 44. — 6be — ab- da 
LEH 
1 5a a+—b— ab | 
2147470 — 4 
eee ee r 
nn F7r—d+ 4+) 


| 1} 344+ gabe-— bb 30 
2 2b — 34 — 2abc — 27 
'J dd + 2 ag, — abe — 3. ' 


— 


1+2+314} bb+ a1 22 — abc + 2 


Sect. 2. Dubltracion of whole Quantities. 
Subtraftion of whole Quantities, is performed by one & 

* neral Rule. an: 
Change all the Signs of the Sulſtrabend; (vic. of ! hi 
Quantities which are to be Subſtracted) or ſupp 
Be them in your mind to be Changed. Then Add all f 


Omnantities together, as before in Addition, and tbeſ 


Sum will be the true Remainder or Difference rea | 
7 ; N 1 4 19 24 U. 


11 


; Chap. 2. Subſtraction ot Auantitie 8. 155 E 


This General Rule is deduced from theſe evident truths. | 


To Subftraft an Affirmative Quantity, from an Affrma- 
ve; is the ſame as 9 1444 a Negatzve Quantity to +4 Ar- 
ative. | 
That is + 24 Taken from -+ 34 is the ſame with 
— 24 Added to ＋ 34. % 
W Conſequently, To Sabſtract a Negative Quantity from an 
native; will be the ſame as to Add an Affirmative 
Pantity to an Affirmative. 
That is — 23a Taken from 34 will be the ſame with 
＋ 24 Added to +3 4. ts ld 


Exam. 1. | Exam. 2. | Exam. 3. | Exam. 4. 
11 222ö˙:! 20 89 [ — 15be. 
2PL. 1 em 36 - - e 
[ 213 a 1] — a J 5b = 7be - 


| | Exam. 5. | Exam. 6. | Exam, 7. 
1154 125 | 54—12þh | gab ＋ 36 
2 | 24a -+--7b | 2a— 7b | 3ab +-24 

2|3 | 34+ 5b | 3a— 5b | Gab + 12 


Exam. 8. . | Exam. 10. [2 11. 


—— .. 


ith thoſt in Aud. 


More Examples in Subftraftion, - © 
1|a+b-| e 342 ga -H 5b4-+25 
2 | 4— b-|: 5bc — 44a 24 — 3b4 — 12 

I +742 | a+ S5bd+ 37 


8 


nn. 


1e 13 7 | wA b | 
> [36 —b . Ne 
Lear 


1—2 


[142+ 5 — 54 | 76 
2. Z —_—_ a—-b—-54-7 i 
1=2[3] «4b --be 21 —4 | 76-a+b+54—=x i 


That, a—b Taken from «+b Leaves -+ if 
for the Remainder ;, as in the firſt of theſe Examples, mal 
be thus proved. | 


Let |1| a-+b=z 

And |2| a—b=x | 
2-i-bl3]} a=x-|b. per Axiom 1. 
10 314 b X — x—b, per Axiom 2. 
4+bl5| 2b = z — x. which was to be proved. 


The truth of all Operations in Subftrattion, where ary 
doubt ariſes; may be proved, by Adding the Subtraheni 
to the Remainder : As in common Arithmetick, 


1 
* 9 2 


Examples. 
|1]+5e.] obe [. 
[2 |_— 24 |. + 3b | — 64a Subt rahend. 
1-2; ge | Remamaer. 
23 AFN o obe [Prof 


Sect. 3 Multiplication of whole Quantities, 
Multiplication of whole Quantities Admits of Three Cuſt. 
Caſe 1. When the Quantities have like Signs,” and no & 


efficients, (et or joyn them together; And prefix the Sign 7 
before them z and that will be their Produtt, * 
; Exam. 1.| Exam. 2. Exam. 3. Exam. 4 
11 a | — a a 5 — 4 —0 
Thus ] 2 6 124 . A 0c 
. 


- 


Caſe 2. It there be Co- eſficients; Multipl them, and b 4-1 
their Pro ſutt Adjoyn the Quantities ſet together as before. Con 


Th 
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| Exam. 5.| Exam. 6. | Exam. 7. Exam. 8 
I| 54 — 64 | 3a+2b] a+b 

Thus 2 2 3 "| —7%_['6 = 7 

1x2 [3 15ab ho ＋ 43ab 18◻＋ 1 5ab + 5bb | 
W Ce 3. When the uantities have unlike Si ns; Joyn 
them and the Product of their Co-efficient s together (as be- 

f ore) But prefix the Sign — before them; * ; 
| 


Exam. . Exam. 10.| Exam. 11, | Exam. 12. 

1 +a |—64 [44—7T 4 — 7 
hos 3 2 — Lt IE D | 
1x*213] — ab | 424b |12af — 21bf —-12af-1-21bf 


hat is, + into ＋. or — into — gives +7 
But into —. or — into + gives — 


That + into into + will Produce + in the Product, 
s evident from Multiplication in Common Arithmetick. 
z. +5 into + 7 will give -+ 35 Ce. 

But that + into — Or — into + ſhould Produce 
he Sign — As in the four laſt Examples. | 
And that — into — ſhonld produce the Sign + As in th 
decond, Fourth and Sixth Examples, may perhaps ſeem ſome- 
hat hard to be Conceived : and requires a Demonſtration. 
rt, to prove that —7b into ＋ 3 f =— 21bf, As in Exam. 11. 


in the Produtv. 


ly 
nd 


_& Suppoſe | 1 —7%=0 

Then will] 2 2 per Axiom 1. 
ſes, 2* 34] 124 = 21. per Axiom 3. 
2 12of —21bf =o per Axiom 2. 


1 4 Conſequently + into —, Or — into -+ Produces — 
hich was the thing to be proved.  —_ 
conaly to prove. — 7b into 3f gives + 21bf as in Exam. 12. 


Let | 11 — 0 — <> | 8 3 
Then « pg — 70 | $ as before | hy 
b4 But 3 —37 =—3f | 3 

be 253 i864 —12af = — 21bf by what is proved above 
ad il zT [5] —12 of 21f So. per Axom 1. 


re. N Conſequentiy — into — gives + which was tobe proved. 
Ti Or 


but a bc - 4 


Or theſe dh be otherwiſe proved by Numbers, 
a=20 'C=127 F or any 
Thu, ſup Ne 1 5214 Fand 3 a= 85 18465 Nunben 


Sp 6 


c 4 = 4 der Axiom 2. 


© Conſequently, a—bxt—4= 642824 er Arion; 
according to the Precedent Rule x, will x 
ac — ch + bd — da, which if true muſt be eyzal to 24, 


Proof 3 


ac 20 12 240 thb 123 14 = 16 
bd = 148 = 112 aa—8 x Xx 20 = 160 
ac + bd =352 per Axiom 1. 


ch da 328 


Note. If the Multiplier conſiſt of — Terms, then ene 

ry one of thoſe Terms muſt be Multiiplied into all the Ten 
of the Multiplicand: And the Sum o thoſe particular In 
ducts, will be the Product repuired. As in Common Arith 


Which being Subttrafted. 
| * ac + bd cb d a= 352—32 $=24 Which Oli 
Iy ſhews. 
That + into — Produces. — * 
E in the Prada, 


2. E. D, 


UI 


[= 


ky Examples. 

a+b—d 7 ＋ 54 Irit 
4 Td 365 Sf... Noa 
por ray 210a +15da | 
_—=ba—bb-+4b |_____— 35bf — 256 bus 
aa —Ha —bb-\-db | 21ha = 15da — 356f—2z4 

aa — ba 4 20 — 34 
4 . 

2 r | Ls W Ul 

aa + 26+ 4 aa — ba vers | 

er EEA 

| aaa + 2aa 37 | aaa — baa Y 

— 244 1 m_ bas — tba , 

ada —8 2 . . — S 


Chap. 2: Diviſion of Quantities, 153 
—_  ——_— * 
Sect. 4. Diviſron of whole Quantities. 


Diviſion of * is the converſe or direct contrary to 
that of AMultinlic an Uo and conſequently perform'd by 
i 


Wronverſe Operations. n common Arithmetick ) And ad- 
Wits of Four Caſes. 


' Caſe 1. When the ugntities in the Dividend , have 
ite Signs to thoſe in the Diviſor, and no Coefficients in ei- 
her ; C off or Expunge all the Quantities in the Dividend, 

chat are like thoſe in the Diviſor; and ſet down the other 
Quantities with the Sign + for the Quotient required. 


Thus $ 1 F 2 18 1 — ad — bd 
W1—2[3/ 4 | +8 | a+b = 


Caſe 2, When the Quantities in the Dividend, have un- 
e Signs to thoſe in the Diviſor; Then ſet down "the Quoti- 
„ Quantities found as before, with the Sign — before 


| 8 es — ab — bd . 
L —bc 


_ |=a4=4 | —a=d— 


: 


Caſe 3, If the Quantities in the Dividend and Diviſor, 
ave Co-efficients Divide the Numbers (as in Common 
Irithmerick ) and' to their Quotient Aajoyn the Quotient 


— 
27 12 i7 — 21 bf 
K | _— | —— 
ate, When the Quantities and Co-efficients in the Di- 


ſor r and Dividend are all the ſame, the Quotient will be 
Unit OT 1, 


7 


E Þ 


ab -\- bc Bah * 4 
— i | 7 = 52s — —8 


— 


bus 3 
A 


Fr 4- When the SAY in the Diviſor cannot be ex- 
7 . in the Dividend; then ſet them both down like 


Fraction. As in Common Arithmetick; 
X Thus 


154 AAlgebꝛa. 
Thus 3 14 3 Gbe 5b + 44 | Badc 


2| b d | 5d+7b gabc 
I | 4 = | 5b + 44 2d 
2 275 | d | 5d3-7b 1 
N. B. In Diviſion one thing muſt be very carefully obſervi; 4 | 


viz. that like Signs gives -|- and unlike Signs gives — in ³ 
the Quotient; which needs no other Proof than that alreah i 
laid down in the laſt Section, if duly compared with wha 
hath been ſaid concerning. Multiplication and Diviſion, ni 

Vulgar Arithmetick. = 


Examples of Diviſion at Large. 


[1] 21ba-> 15da— 351 — 25df ( 34 
2 76 +5d bf : 
2 * 343 21ha+15aa 
1-3 8$4--:0 o — 35% — 25df (— 5f 
2x—5f| 5 ONES | 
4— 56 O O 2 N 
22123 — 5f the Quotient collected from the 3d a 


Or Diviſion of Quantities may ſtand as Number: u 
Common Arithmetick do; Thus 


34 — 6) Gaa⁴jẽe8 9 (2aaa+4aa+8a+16 
Gaada — IZzaaa 
O H IZaa - 96 
_-- I2aa4a — 2444 
O Æ 2444 — 96 
— 2444 — 48a 
0 + 484 96 
484 — 95 
„ 


That is, 64444—96-=34—6 gives 2444+ 4gaa+Bg+16 * 4 
for the Quotient, as may eaſily be proved by Multiplica Bt x } 
VIZ. z2u,jE 444 84 + 16% 34 — 6 Will Produce G e. 
aud ſo for the reſt. | 


Set. 5 Involution of whole Quantities, * 


Iuvolution is the Raiſing or Producing of Powers, from an 
propoſed Root, and is performed in all reſpects like Mult 
plication, ſave only in this; Multiplication Admits of an} 


different Faitors, but Involution ſtill Retains the * * 


Chap. 2. Involution of Quantities, I 55 


Examples. 

1 NE 1—2 | the Root, or ſingle Power. 
e220. Tea I Square, or ſecond Power. 
W: 633 | 224 — aaa Cupe, or third Power. 

Ss: 6 4|4 | 4424 _| aaa __ | Biguadrat, or 4th Power. 

WW: & 5 5  aaaaa | — aaaaa | Surſolia, or 5th Power, &c. 
Note, The Figures placed in the Margent, after the Sign 
S ) of Involution ; em to what height the Root is Involved; 


d are called Indices of the Power; and are uſual, placed 
over the Involved Ouantities, in order to contract the Work, 
We ſpecially when the Powers are any thing high. | 


i a S 4 a = aaaaa 

| 48* = 40 a = aaaaad | 

| Thus 3 a3 — aaa And 3 abs = agaaabbbbbb © 

| a* = aaaa a*b*d* = aaabbdddd &c, 
| long with the Quantities, 


If the Quantities have Ori, they muſt be Involved 


in theſe. 


a 


* 


Thus 11 22 — 34 5bc 
bl 2 2 ＋ gaa 25bbce 
2] Saaa — 27aaa | 125bbbcee 
4| 16 | + SIA | 625b*c+ 
& 5 5 32aaaaa | — 2434 | 3125b*c5 Ke, 


Involution of Compound Quantities is performed in the 
ame manner, due regard being had to their Signs and Co- 
Nceents, if there be any. 

As for inſtance, Suppoſe a+ were given to be Jnvol- 
ed tothe 5th Power. 


bus 1 | 4 ” 4 called a Binomial Root. 
a 


2] aa + ab 
3] —ab-+bb 
4| a2 za + bh the Square of a- 
a+b 0 
*@| 5] aaa ＋ 2aab + abb 
6| + aa -+2abb-+bbb 
3171 aaa f 3abb-+ bbb the Cube of 4+b& 


X 2 944 


N — 
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ES” 


aaa + ad 3: 3abb + bbb 


f abbb _ 
9 |. +. #b+ 34abb + 3abbb 
Io] af + "0 + Saab + 
N nne 
11 a+ ee abp* © 
6124 —+ 4240 L470 + Cab: + 4gab* -+-b' i 
13 af FR 104*6þ -} TO A | 


Again, Let a—b called e Refs! Roo be gin 


Then | 1| a—b 
a—b 
1 x4] 2] 4a — ab 
1x—b| 3 — ab + bb | 
1G 24 aa —2ab + bb the Square of — 
4 — 6 
xalr'! 444 — 2aah abb 
$2518] = band 
1@ 3] 7 r eee, 
7 * a| 8| a2aa — 3aaab F aabb — a 
Tx—blg — aaab ＋ Jaabh — 34bbh -+- Wi + 
108 410 ir 
4— 
10 * 42 11 a? — ga*b G — gaab* + 2 
10 1% eee ec, Le 
1&5 hay (40 + oh 104ab* IF Fab 


By comparing theſe Two Examples together, you m 
make the following Obſervatians. 

1. That the Powers raiſed from a Refpdual Root ( viz ii 
Difference of Two Quantities) are the ſame with their 
Powers raſed from à Binomial Root (or the Sum of Imo 
tities) ſave only in their Signs ; viz. the Binomial Pat 
have the Sign + toevery Term; But the Reſidual I. 
ers have the Signs + and — " interchangeably to« 
ry other Term. 

2. The Indices of the Powers of the Leading - Quan 
(a) continually decreaſe in Arithmetical Progreſſion \ Vit 


the Square it is aa, a In the Cube aaa, aa, 4 In the 
Biquadrat it is aaady ada, ad, a &. 

z. The Indices of the other Quantity b da continually 
increaſe in Arithmetical Progreſſion +, viz. In the Square it 
is b, bb In the Cube b, bb, bh In the Biguadrat 
it 15 b, bb, bbb, bbb &c. 1 : — ; * +g 

4. The firſt and laft Terms, are always pure Powers of 
the ſingle Quantities, and are both of the ſame height. 

5. The Sum of the Indices of any rwo Letters joyned to- 
gether in the intermediate Terms, are always equal to the 
Index of the higheft Power, viz. of the firſt or laft Term. 
= Theſe Obſervations being * conſidered, it will be eaſi 
to Conceive how the Terms of any propoled Power rail 
from a Binomial or Reſidual Root muft ſtand, withouy 
heir Uncie or Numeral Figures. 

For inſtance, ſuppole it were required to Raiſe the Bi- 
omial Root a+ to the Seventh Power; then the Terms 
Wot hs Power will ſtand without their Vnc:e's in this 


Wiz, a” + a%þ ＋ 4b + a*þp3 + a3þ% ＋· 42 5 abe b 


And becauſe the Uncie ( not only of any Single Letter, 
ut allo) of every Single Power, how high ſoever it be, is 
Wn Vt or 1 (which neither Multiplies nor Divides) and all 
The Powers of any Binomial or Refidual Raot are naturally rai- 
ed by Multiplying of the Precedent Power into it's Original 
Noot, Which is done by only joyning each Letter in the Root 
o the Precedent Power, with its Vncie, and then remoy- 
ng the ſaid Power, when it is ſo joyn'd to the Second Ler- 
er, one place forwards ( either to the Left, or Right Hand) 
muſt needs follow. 
That the Vncie of the Second Term (in any ſuch Power) 
ll always be the Sum of ſo many Units Added together 
ore 1 as there hath been Multiplications of the firft 
dot; Which will always be determined by the dex of the 


— > 


ft Term in the Power. 
And becauſe the Unice'sof all the intermediate Terms, are 
ly removed along with their Letters, it alſo follows; that 
"they are Added together, their reſpe&ive Sums will pro- 
the true Vnciæs of the intermediate Terms in the new 
"Wd Power, As doth plainly appear from the following Num- 
510 remoyed without their Letters; Which both ſhews 

| Demonſtrates an eafie way of producing the Uncies of any 
W'tinary Power (viz. of one not very high) Raiſed from ei- 
it a Binomial, or Reſidual Rot. Thus 


— _ — — — _ 
o o 1 3 
— Ci — n D 


— — — — 


— . —— Eo — 


— 4 > ed ZAC Lloc — — ———— ASCO 
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<< FED 7 wo 
0 - — 


—— 


— 
— — 
— — a ” 
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| 
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| 
| 
| 


Add 1 15 f i The two Uncie's of the fir/# Root. 

2.1 The Unciz's of the Square, 

"x 3+ Þ 

3.3.1 The Uncie's of the Cube. 

x.33 3.1 E 
4.6.4 . 1. The Uncie's of the 4th Power, 

15 40:4 1 | 
FJ. 10. 10. 5. 1 Uncie's of the 5th Power. 

3.10 {2010-2 


1.6. 15. 20.15. 6.1 Uncie's of the 6th Pom 
I. 6 .18.20.15.6.1 Li 
1 7-21. 35+ 35. 21.7. 1 Unciæ of the 7th Pon 


And ſo on in this manner ad Infinit um. 


Now if theſe Numbers are prefixt to the aforeſaid Letter, 
all the Terms will be compleated with their reſpective Us 
cie's, and will ſtand thus, 


ebase 219%" abe 


But that the buſineſs of finding theſe Vnicæs, may be re 
dered yet more eaſie for Practice, it will be convenient i 
conſider what Series or Progreſſion, the Uncias of each Ter 
do make, from the aforeſaid Additions, 


So 

22 24 81086 . 
Y p S 5 Sky BR 

* 221221 28 
15 97 

2 8 38 8. 

— Sa | 
r | Uncie's of the ſingle Qualtirics, 
MI LE r | I TP} ____ Vndie's of the Square. 
. ute, of the Cube 

EST 413: WISHES ., Dacia: of the gth Power. 
9 7 IL. n. . 14 Duaciæ's of the 5th Power. 
2 D — Unoene's of the 6th Power. 
#5 3s 130. 1-351 $87 38 | 7 1 Uncia's of the 7th Power. &. 


The Uucics of the firſt Term is only a Series of Unit 
whoſe Sum is every where the Uncies of the Second Term. 

The Uacies of the Second Term, is a Series of Numbers \ 
Arithmetick Progreſſion 1, whoſe Sum is every where the V 
cie of the next Superiour Power in the third Term, and me 


be found by Propoſ.tion 1. Chap. 6. Part 1. Thi 


OT — 


— tC. 
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W That is, in the 7th Power it will be 6441 16 21 
Je Unciæ of the Third Term. Wire 

W The reſt of the Uncies are a Compounded Series, whoſe 
W-cſpeive Sams may be obtained from the Uncie's of their 
Wrecedent Terms. | 


Thus 35 Then =; Again 12 


And —5 227 &c. 


From hence may be deduced this General Rule. 


If the Index of the firſt Letter of any Term, be 
| ultiplied into its own Uncie, and that Produth 
Rule. < be Divided by the Number of Terms to that place ; 
the Quotient will be the Uncie of the next ſuc- 

ceeding Term forward. 


That is, by the help of thoſe Indices that belong to the 
Wveral Powers of the firft or Leading Letter only (as a) 
We true Vncie's of every Term may be eaſily found. 


Example. | 
Let it be required to compleat all the Terms of the afore- 
id ſeveral Powers; viz. a +a*%b+a*b*+a*b3-ha3þ+ 
a abs g“ with their proper Uncie's. | 
1. The Index of” a? the Firft Term will be the Uncia 
the Second Term. Thus 4 7a. 


2, Then half the Second Terms Index into its Uncie, 
2 ALLEY will be the Third Terms Uncie. 


hus a +745 b-+- 219%? will be the three firft Terms. 
* Again =35 is the Unciæ of the fourth Term. 


Then it will be 47 +7a5%b+214*%b6*+354*þ3 


(0 
* 


Then 47 +74%b+-214* b*+35a*b3 +3543 b+ &c. un- 
| all the Terms are compleated with Abel repective 
„cue; and then they will ſtand 

bus #7 7 - 214˙%＋ 354 + 354 + + 
hall 2145 abi ET. 


Now 


« Wa. And 435 will be the Ducia of the fifth Term, 


wh ab . * | 8 . * 
60 * 151 1238885 VILE LESS: P 
tl — » EC EV Y Ta 4312 35 : * 
" | _y 2 vw LO ITE. — = — > 40 —ͤ—ͤ— a . - a a 


— ; 4 1 


Now here it may be further obſerved; that the Und 


I 
do only increaſe until the ſudibes of the two Letters become 
equal,” or change places; And then the reſt, of the Duca | 
will return or. deereaſe in the ſame order. That is, where: 
ever the Indices of the Letters are alike, there the Unciz WR 3 

will be alike. £ ole! 6 
And therefore one needs to find the Uncias (as before) 
but to half the Number of Terms in any Power. | of 
If what hath been here ſaid, and the Work of the Exam 
2 be well underſtood, I preſume it will be found very er. 
e to Raiſe any Power from a Binomial or Refidual Root, us 
what height you pleaſe ; without the trouble of a continu 
Troolution and without the help of ſuch a Table of Power: Ml 
as is propoſed by Mr. Oughtred in his Key-to the Mat hem- 
' ricks, Page 40. and ſince by others. 

No from theſe Confiderations it was, that I propoſel Wl © 
this Method of raiſing Powers iu my Compendium of Ag. 
bra Page $7 as wholly new (viz. ſo much of it as wa 
there uſeful )| having then (I profeſs) neither ſeen th bo 
way of doing it, nor ſo much as heard of its being done. But it 
ſince the writing of that Trad. I find in Dr. Walis's H jr 
Flory of Algebra; Page 319 and 331 that the Learned Mr . 
Waac Newton had diſcovered it long before: Which the I 

Doctor ſets down in this manner. F 
Let m be the Exponent of the Power. 7 

Then z x SIL ny „ =2, iet 
. 1 
Wim be the Series of the Vnciæs required; But he doth re. 
not tell us how they came to be firſt found eut, nor have I en 
ever met with the leaſt hint of it in any Author. K 
| Sect. 6, Ovolution of whole Quantities, fal 

Evolution is the Extracting of Roots from any given Pn. — 
er. That is, it is the Converſe Work to that of Iavolutin 7 
and in Single Quantities it's eaſſe, if the given Power hate be 
ſuch a Root as is required, which may be thus known. p 

| If the given Power have no Numbers prefix'd to it, and it 0 
Index can be Divided by the Index of the Root required, the WW , 
uotient will be the Index of the Roor ſought. ” 
bus, If the Cube Root of aaa wit: as were e 
quired (the Inde of the Cube is 3) then 3) 6 (, „n 
hat is 3) as Ts the Root required; And ſuck. 0% ih 
rations are uſitally fet down. | The 
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W Thus |_i_| 2 [424% __ aSb545 
1w2 | 2 I 2 9, © 

1%; |3f as | aabh \ aabbdd © 

Wzw2 [4] 42 | e 


Note, the . placed in the Margin after the Sign (un 
Evolution, enote the Index of the Foot to be Extratted. 
If the given Powers have Co-efficients ;, (viz. Numbers pre- 

i'd to them;,) then you muſt Extract their reſpective Roots 

Jas in Vilgar Arithmetick. 


Thus | 1 814. | 1296a%8® | 20736a*þ*c* 

iw2|2| 944 36a*b* | 14412bbee 
104 3. 342 |}. Gaabb '| - 12abc 

Or 2 2 414 3 | Gaabb | 12abc 


But if the Root required cannot be truly Extracted out of 
both the Co-efficients and Indices of the given Power; Then 
it is a Surd, and muſt have the Sign of the Root required 


prefix d to it; 

Thus |1j ai | Gz | 216bbbddd 
1w2 | 2 wa? | y/G7aaaa *| y/216bbbadd 
Iw3 a | 1G67aaas | 6bd _ 


Evolution of Compound Quantities or Powers, is a little 
more troubleſome than that of Single Powers; and would 
require a great many words to Explain the manner, and Rea 
jon of forming the ſeveral Carnons, that are commonly uſed 
in Extracting the Roots of Compound 8 ; eſpecially if 
the Powers be very high, &c. I ſhall therefore for brevities 
ſake omit them, and inffead thereof, ptopoſe an eaſe Me- 
thod of Diſcovering the Roots of all Compound Powers in ge- 
in beral; And in order to that, it wilt be neceſſary to premiſe; 


wa — 


ue That if either the Sum, or difference of ſeveral Quantities 


be Involved to any Power, there will ariſe ſo many Single 

i Powers of the ſame height, as there are different Quantities. 
the As for inſtance, if 2d be ſgxared; That is, be 
lrval ved to the Second Power, it will be a4 2ab+ 2ad 
+ bb -+-2bd A Ad, hete you have aa, bb, and dd. 
Again, if 4-+b+d were cubed, viz. Involved to the 

| Third Power, then you will have aaa, bbb, and dada, 
in it, &c. Y Whence 


—_—— —_ 


6 | Mgebia | Pal 


Whence it follows, that in Extracting the Roots of all i 
Compound Quantities, there muſt be conſider d. = 
1. How many different Letters (or Qyantities ) there 

are in the £m Power. | 

2, Whether the Single Powers of each of thoſe Letter; 
be of an equal height and have in them ſuch a ſingle Root a; 
is required: Which if they have, Extrat it as before. 

3. Connect thoſe Single Roots 10 with the Sign +l 
and Involve them to the fame height with the given Power; 
that being done, compare the new Raiſed Power with the 
given Power, and if they are alike in all their reſpectin 
Terms, then you have the Root required; Or if they diff 
only in their Signs, the Root may be eaſily corrected with the 
Sign — as occalion requires. — 

Example 1. Let it be required to Extract the Squar 
Root of cc - ach — 2cd-\- — 2bd ＋ dd. 

In this Compound Square there are Three Diſtinct Powers, 
viz. bb, cc, dd, whoſe Single Roots are b, c, 4 
wherefore I ſuppoſe the Root ſought to be b c 
or rather b6--c 4, becauſe in the given Power there 
is —2cd, and —2bd, therefore I conclude it is —4 
then b+c—d being ſquared, Produces 
bb + 2bc —2bd ++cc — 26d -- dd which I find to be ths 
ſame in all its Terms, with the given Power, although 
ny ſtand in a different Poſition ;, conſequently b + c —4 
is the true Root required. | 

Example 2, *Tis required to Extract the Square Root d 
a* — 2a bb -\-b* Here are but two Single Powers, Vil 
a*, and b*, whole Square Roots are aa, and bb, And 
becauſe in the given Power there is — 24abb, therefore 
I conclude it muſt either be aa — bb, Or bb — aa. Both 
which being Involved will Produce  a* — 2aabb + b* Cot 
ſequently the Root ſought may either be 44 — bb Or 
bb — as according to the nature or deſign of the Queſtion, 
from whence the given Power was produced. 

Example 3. Let it be required to Extract the Square 
Root of _ 36aaaa = 1084 +- 81. Here the Two Single Pow C 
ers are 36aaaa.' And 81, whoſe Roots are 644 and 9. 

And becauſe the Signes are all + therefore I ſuppobe 

the Root to be 6aa+9 the which being Izvolved doth x. 
Produce 364 + 1084 ＋ 81, Conſequently 644+9 e i 
the true Root required. | Ih + + hes 4 2 

Example 4. Suppoſe it were required to Extratt the Cube T 
Root of ' 125aaa -j- 300.448 — 45044 + 240408 - 7aoar ＋ 
＋ 64e0e - 540 288 e + 436 — 216. IS | 
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In this Example there is Three Diſtinct Powers, viz 
125444, eee, and — 216. | | 
7 he Cube Root of 125aaa is Ja, Of G64ece is 4 
and the Cube Root of — 216 is — 6 
Wherefore ] ſuppoſe the Root ſought to be 54a-+4e— 6 
which being /zvolved to the Third Power, does produce the 
me with the given Power, conſequently. 54 +4e — 6 is 
Wt he Cube Root required. £ | 


But if the new Power, raiſed from the ſuphoſed Root (be- 
ing Involved to its due height) ſhould not prove the ſame 
Nrith the given Power, viz. if it hath either More, or Few- 
Terms in it, &c. Then you may conclude the given Power 
o be a Surd, and muſt have its proper Sign prefix'd to it 
and cannot be otherwiſe Expreſs ; until it come to be Evol- 
ved in Numbers, „ YE SPELLS WT IRA 
Example 5. Suppoſe it were required to Extract the Cube 
wot of 27aaa-1- 5qbaa + bbb. A EONS) ü 177 
Here is Two Diſtinct and perfect Cubes, viz. 27aaa, and 
Brbb whoſe Cube Roots are 34'1and 2. 
Wherefore one may ſuppoſe the Root ſought to be 34 ＋- 25 
hich being Involved to the Third Power, is 27aaa + 
4baa-+- 36bba + 8bbb. Now this new raiſed Power | hath 
one Term (viz. 36bba) more in it than the given Power 
bath; but this being a perfect Cube, one may therefore 
onclude the given Power is not ſo, viz. it is a Surd, and hath 
ot ſuch a Root as was required, but muſt be expreſs'd or fer 
own. . . ' N 


Mor nnen . == 
Thus Zia. - 54baa+ 8bbbe 
If theſe Examples be well underſtood, the Learner will 


nd it very eaſie, hy this Ait had of proceeding to diſcover 
te true Root of any given Power whatſoever. _ 


— 


Je 'S * 
7 | 0 8 E 

CHAP. III. : 
- Of Algebzaick Factions, or Broken Quantities, 
+ Seft. 1. Notation of Fractional Quantities, 


Fraftional Quantities are expreſs'd or ſet down like YVut- 
ur Fractions in commen Arithmetick. | 

mx F a 2e 'gb—qga MNumerators. 
ly Thus | 3 © 41 A/ Denominators. 
Tn | Hoy 


— —— —Uäñä86 —— — 


Part ii 


How they come to be ſo, ſee Caſe 4- in the Laſt Cham 
of Diviſion, Theſe Fractional Quantities are managed in 
all reſpects like Vulgar Frattions in Common Arithmetic 


Sect. 2. To Alter or Change different Fractions i into 
one Denomination, retaining the ſame value. ; 


Alultiply all the Denominators into each other fir 
Rule. 3 new Denominator; And each Numerator into oil 
the Denominators but its own, for new Numergtn; 


Examples. | 
Let it be required to bring 7 and £ into _—— | 


Firſt an c, and d xb, will be the dere. And bf 
will be the common Denominator, viz. be and = are tu 


Two Factions required. That is == _ 4 151 


; bes, iet #255 e ang Fx ETE be brought into one Yo 


AE 2 RY co oO —_ 


And they „Ae ; * 3 1 
will be ba+bb—da—ba ba 2 


Sect. 3. To Bring whole Quantities into Fractions © 


a given Denomination. 


minator, for a Numtrator ;, under which ſubſcrik 
the given Denominaton, and you will haut the 


Multiply the whole Quantities into the given Dem 
Rule. 3 
Frattion required. 


> Examples, 
Let it be required to bring ab into a Frattion whaſe Dt 
nominator is d — 4 Firſt a+ b = 4—a is, da bd al pu 


Then 464 64 — 44— / By i the Frattion required 


d—a SERVES. Y 
Again 1 f 7 xi he 2 . Aud © 7 —. Walde 7 
22 — 45. ' aa bb =” | 
5 —XT 
—4 Aldo 5 22 25 will be 3 


Whe 


Chap. 3. Ot Fractional. Quantities, abs 
Ven whole Quantities are to be ſet.down R n wiſe, 
Subſcribe an Unit for the Denominalouů& 
Thus ab is po And 4a — bb, is ha LS &c. 


44 © > 
. > # - #4 
* 
7 


Set. 4. To Abhzeviate or Reduce Fra#ional Onanti- 
ties into their Loweſt Denomination, | 


Divide both the Numerator and Denominator by 

Rule their greateſt common Diviſor; vig. by ſuch O 

- tities as are found in both; and their Quotients 
will be the Frattion in its Loweſt Term, Dy Kok 


Thus 4e is . And 2% is Alb a4 —4+4 
C t 


ac 4 abc ; 

In ſuch Single Fraftions as theſe; the common Divifors 

(if there be any) are eaſily diſcover'd by inſpettion only; but 
in Compound Frattions it often proves yery troubleſom, an 

muſt be done either by Dividing the Numerator by . 

zominator until nothing Remains, when that can be done: 

Or elſe finding their common 1 Dividing the Do- 

um 


minator by the Numerator, and the rerator by the Re- 

mainger, and ſo on as in Fulgar Frattions ( Sett, 4. Page 

51.) | drags th A 
Examples. >) 

Suppoſe WE were ta be Reduced Lower. 

85 : Aac — aad 


* — 


In this Example it fo happens that the Numerator is Divi- 
ded juli off by the Denominator ; but in the newt its other: 
Wiſe, and requires a double Diviſion to find out the common, 
Meaſure, Viz. Let it bequired to Reduce 444 y 
to its Loweft Terms. \ 41 48 -+- ab ＋ bb 


Firſt aa .- 20b + bb ) aa — abb (a 
aaa + 2aab -\- abb 


; E —2aab— 2abb the Remainder. 
Then — 2h — 2abb) aa+2ab+bb , 1 a, 
7G. aa ab _ 2 10 * 
| eb -+- bh 
ab -j- bb 


0-6 Hence 


WW. 8 a FY IT 4 
a 8 oi Mo ts. _— 


At Hence it appears that — 2abb is the co 7 | 
Meaſure; by which aa — abb being Divided. "ll 


___ — gab—abb 
— aab — abb 
| 8 
| Then — 5 + = is the New Numerator: 
And YP on 2 — 2 is the New Devominate?. 
1 wy | 1... 2+. eb | 
But 72 * — — — — 27 the Numeratn 
— = the Denemiiata 


4ba 2ba 

- DON 209 It b Ef att 
Let both be Afultiplhied with 264 and you will has 
— 44-4 4b the Numerator. Or Changing the Signs d 


22 — b the Denommator. - 4 the New But 
=” 3 — e Neem | 


its e a4 = abb_ 
That is aFb eee 


Again let it be required to Reduce 4d —bb The an 


add — b | 

mon Meaſure of this Fraction will be the eafieft found (3 

12 from Trials) by Dividing the Denominator by is Rule 

Thus dd—bb) ddd -— bb (4 s Wms. 
| 665) 44=bb Cg 
ba — 4—bb ( 
TR 9? 11 bs (i 


K \ ED 
* 


* . 


| _ —b3 (b 
2 5 = | 45 —2 n © 0 "IB 
Hence it appears that b4—bb is the common Meaſure that lt 


INNS, AT... nator. 
will Pzvide both the Numerator and the TR ment) 


— nm 


Chap. 3. Of Fractional. Quantities. 167 | 
cue b4—bb) 21 0 * is the New Niune- 


—— 
—_— —_ 


+4ab—bb 
ab —bb 
| — * d. 4 
4—bb) ddd — bbb x7 4d +-d4-b the N na- 
And b | i 0 * ä 
+ dab — bbb is 
ddb—bbd 
＋ a- bb 
bbd— bbb 
8 © 
Let both be Multiplied with b and then you will 


hw d+b___ the Numerator 8 of the Faction 
Ad bab the Denominator, $ required. 


But if after all means uſed (as above) there cannot be 
found one common Meaſure to both the Numerator and Deno- 
minator ; then is that Fraction in its Leaft Terms already, 


Note, Theſe Operations will be beft underſtood by a Learner 
wt he hath paſt through Multiplication, and Diviſion of 
Fractions. 


Seft, 5. Addition and Subſtraction of Fractional Quanti- 


3 


* * 


ties. 


The given Factions being of one Denomination, or if they 
re not, make them ſo, per Sect. 4. Then 


Add, or Sulſtract their Numeraters, as occaſion 
Rule, 3 


requires, and to their Sum or Difference ſubſcribe 
the common Denominator. As in Vulgar Frattis 
ons, . 


KJ 


Examples in Addition, 


K bb a+b © ,2a—bja—b +4 

c | 4 A 4-C 4 ＋ 4 

b aa | 2a+c 2b — a a+b-4d 
[Daa | 3a+b+e]| @+9] 22 

b 


rator. 


% 
-. - © 
* 

OE” 
Tinwu BY i 


IT 2 


Seck. 6. Pultiplication of Fractional Quantities. 
Firſt prepare Mix d Quantities (if there be any) | 
making them improper u, and Wie 8 U 
ſubſcribing an Unit under them. As per Sect. 3. Then 
e enge . g 


- ©: Aultiply. the Numerators together for a new M 
Rule. . merator * And the Denominators together far i 
New Denominator. As in Fulgar Frattions, 


| 1 57 G en | ö N 2d-1-c 

— aa — 6 84 3 NOIR . 

| T 

| | 4 

| — — —— > | 
in2 5 1 er eee 2a — e 
| 


5 IS — | 
. Suppoſe it were required to Multipiy 24 + 2 — $ 
| | " ak 


| wich ad Thak prepared for the Work ( per Sit 


/ { — 
| 7 3 
. 2 . 
: ; | , I 5 1 


Ga- — +Buce + dhe I 
— ty bo 1c —— 100 
e gbb— he 


\6ha— 71h + Bac — 100e + W per Sell. A T 


hu 


but 


U 


omi: 


—— 


Mg — — 
* 
* 2 , 


— 3 — A 
22 —— —U— ́ñ 2 — — ⁰ + 


N. 4 Any. F  Fraftis 4s ages — its 55 nator 
Þ c mw 55 or Taking the Denominator away. 


Thus b * Bites b. För * 2 80 e. 


bw I 


rk 7. Diviſion of: IE” CRT „ 


The Frattional Qutantities bei ”Y 
the Laſt za: fen OM as « Ache in 


C Multiply the "Numerator 75 i. into 
the Bodner of the „ for a New 


Numerator.,, And Multi 185 two toge- 
ther. 9 4 New nog Avi 1 - 


| * ions. 
Hape. 


Let 7% be Divided 1 2 che work. may ſtund 


ho 


Rule. 


ar, 


4 * ve; 2 | 
Thus = _ 7 per Srl. 4. 
12. 4 = a 
| gf bi. 12 l 


— — 


C 11 * 
„ 
— 4 


ö 
) 


Soppoſe it it were e to 5 Divide aa L 
By 4 ＋-b. Then the aki =; ol 


bs <1) 2 2 rg 
4 Ci e + 4bb 
1. 44a + gaab + abb . So (per Sedt. 4a) 


a4 a T 


When Fractions are of one ; Diiiommat ion, cal off the De- 
uminators, and Divide the Numerators. 


4.4 11 if * were to be Divided By * it will be 7 
80 - ah? A | the Quotient required. _ 


oe 
— 


For 


. 
ou 
f 
” 
4 


2 > * I ** 222 © ol — 
- . 


— we — 2 —— „ * 0 - . 
. +a - a — # 2 — * - n 2 * 
. 

- — 0 o a we v * 2 = * I 
T O 92 þ 1 7 4 | { | . 
* 7 + 5 1 5 f 
9 S -” « » 4 R *. # 4 0 
* * 


For — = (c e 005 80. © 
a — 


By e. e e c 6 both, is with 
Ua+24b+bY 44 — ab Ex cc. 


Again, Suppoſe it were required to Divide 


Setz. 8. Involntion of Fraftiond Quantities. 
Involve the Numerator into it ſelf, for a new Nl 


Rule. 3 merator ʒ and the Denominator into it ſelf, for a un 
Denominator; each Jo often as the Power requires, 


b +4 
Thus] 1 2 
| | 4 | 
1 @212). | : da— 2c e t 
18033 b + 3bbd ʒ¹ A 
DS 


— 


Sect. 9. — of Fraitional Queanti ties. 


If the N 1 1 and Deneminator of the given Fraftio, 
have each TI ſuch a Rovt as is required ; ( which vey 
rareiy happens.) Then Evolve them; and their reſpeſt;ve 
Roots will be the Numerator, and Denominator * the ney 
Fraction required. 1 | ' 


4 hp? 

| 25205 244: 26h4-th 

Thus| 4 | = . 

10 2 2 Þ 3ab * -a e 

. 22. 3 
Again 1 274adbb . 4 5abb + bb 16 
Þ Sada 444 — 3aab * 3455 — L 

103 SEAT -- | a+h 
— 1 . | — | bs — wn — 


9 9 —— — F * — — 
- 


* 


| Sometimes it ſo falls out, 5 the 8 ma „ have 
fuch A Route as is required, when the Demi uator ha 0 f 


— ene 


*...aA 


panes eſs — l 


Jor the Denominator may have ſuch a Rvot,when the Name 
yator hath not. In thoſe Caſes the Operations may be ſet 
down. 


ab ü rt 44 ＋ b — dd 
1w2|2| eee 
S G0 PUT. Weg 


— 


— 


But when neither the Numerator, nor the Denominator 
ave juſt ſuch a Root as is required; prefix the Radical Sign 
f the Root to the Faction; and it then becomes a Surd, as 

3715 Step, which brings me to the buſineſs of ana- 
ring SUrds. — | | | 


_— 


__ 7.5.2 OB. 4 

Of Surd Nuantities, 

The whole Doctrin of Surds ( as they call it) were it 
ly handled, would require a very Large Explanation (to 
ender it but 7 intelligible) even enough to fill a 
reatiſe it felf; if all the various Examples that may be of 
eto make it Eaſie ſhould be inſerted; without which it's 
ery intricate and troubleſom for a Learner to underſtand. 
ut now thoſe tedious Reduttions of Surds, which were 
eretofore though »ſefiel to fit 'e/ Equations for ſuch a So- 
tion, as Was then anderftoad, are wholly laid aſide as aſe- 
js: Since the New Methods of Reſolving all ſorts of e/Afqua- 
u renders their Solutions equally eaſie, altho their Pow- 
are never ſo high. «: | 

Nay, even ſince the true uſe of Decimal Arithmetick 
ith been well underftood, the buſineſs of Surd Numbers 
s been managed that way; as appears by ſeveral inſtances 
| that kind, in Doctor Wallis's Hiſtory of Algebra, from 


e23 to | | 
That therefore for brevities ſake, paſs over thoſe te- 
aus Reduttions, and only ſhew the Toung Algebraift how 
deal with ſuch Surd Quantities as may ariſe in the Soluti- 
of hard Queſtions I ; a. 


&7, 1. Addition and Subſtraction of $474 Quantities. 
Caſe I. When the Surd Quantities are Homogenial ( viz. 
F alike) Add or Subftraft The Rational Part, if they are 

22 _ 


* — —— 
—— — — —T—— zlñÄ N II ————— —— — 2 ˙—A —„V—T. — — * — , 
4 2 pa C — — mm 3 _ * * N 4 — * 4 * . - ="... 2 = 


1 to any, and to their * * Haun 4 


— 


1 
| . 1 5 T; PR 8 tg? 
. + y = w * = 
— — - LL. . 


o Irrational or. Send. 
Exanplec in amtl. . 


|| Sos = ch L ac THIS, 
2|_\7ybe: | \abyac 
2 |3 — 7 10b , 


Examples in Subtraction. 
| la ye lob yae. | 22 
2 LIN 
1—2 |3/| —— 1 8 — 15 | 


dyes | gy, DST A4 
PHP e | 3bc 
2 dY ae. 1 . be 4 


ci aſe 2. | When the Surd Quantities are . 
( viz; their Indices are unlike ) they are only to be 
or Suhſtracted by their Signs, viz. -+ 
from thence will aria Surds either Binonzal, or fa 


Examples in Addition,” 

: | „e 9 90 [=== 
& . | EL = 
oy * 2 Ce PF 2 ac —ba: a; + 


iT, 


nnn 
. 


Examplti in qubſtracion 


1 | b—dy/aaa-Fca .- 
>| ba 4-2 dd 
7 


ve: = Ove ca: — — -F 


bh. 440 L Y Sam 4 — * — T ** 


E 


— . —U— — 


. 2. Dale of Sud Quantities. 4k 


When the Ouantities gre Pure Surds of the ſame 
190 25 ly them together, ayd t to their Produtt prefix 
their K. a Sign. 


TY + HAIG SW fs 123 === "i E 
| 2 5 by) "RGA .þ. 4/4 aa — bb 
— —ü— — — —— — 
aa -1- Aca naaa — bbb 
1 NS 2 T oy beas © 4 1 B's — ns. ©— =» 


Caſe 2. if Surd antities of the fame kind (as before) | 
e to Ration 22 antities; then Ateltiply the Rati 
nal into the Rational ; = the Suxd into the Sird, and jeyn 
their Pr odutts together | 


B dybc e 115 74 
2 | 3b . | ay cs — — 1 
1* 2 3 36 2 P 8 


Sect. 3. Diniſion of Send Que, 


Caſe 1. When the Quantities are Pure Surds of the ſame 
kind, and can be Divided of ( viz. without leaving a Remain- 
der?) Divide * * to "ES Ten prefix their Rads- 


cal Sign. 
1 2 f 2 — ac aa | aadaa — bbbb 
2 ca a 
12 Ir 4 2 E EE 


„ A » » 4144 — te A. 4 


Caſe 2, If Surd Owantitiec, of the ſame nd are Joy: 
ned to Kat nantities; then Divide the Rational, h 
the Rational if it tan be, and to their Quotient, Vs be 


Quotient of the Surd, Divided by the So with firſt 
Radical * | 


Examples. 
34 bea | ee Fein hows 75y/abd 
2 Deere LA. 
1— 2 3 


LI | dene 2. 
| 2 * 


Je — p l — — — «© + ' . 1 * 
- TY $ +2 "#7 $3 "+4 
„ | Pat f 


pony If a an Ss be Divided its - Rook the 
tient will be : Root. by its Rot the Qs 
Examples, 


98 il] a | M Nac cc aaas — 2bbas + bl 
|: ya | 4 bb--2be+cc V/A — 2bbaa+b* 

2 wa | v/ bb +- 2be + cc N vo —— 
| Selk. 4. Involution of $74 Quantities, 

Caſe 1. If the Surds are not j 5 to Rational 


ies; they are Involved to the 


— 


| 25 their 4 k 
dex e by only taking away their ir Radic Sign, 
a Examples. & 
IE re v1 * 1 a 7723 2 
2 2 — bb a — da 


Cast 2. When the Surds are joyned to Rational Quanti 
ries; ; Involve the Rational Quantities to the ſame height x 
the Index of the Surd denotes ;, then Multiply thoſe Iu: 


ved Quantities into into the Sura G, r their Radi. 
cer Sig i is taken away as before. 4 f 
E æamples. 


A lf a 
1@2 | 2 bba 2526668 L _gobbaa— gbbad 


AE 5-0 — I 2 Aadbe | 2 eye 


The e of only eue away the Radical Sign 

Caſe 1. is eaſily conceived, if you conſider that any 2 

ing Iroolved into it ſelf, produces a 3 . 
And from thence the 1 aſon of thaſe Operations perla 

med by tlie Second Caſe, may be thus Stated. | 


| Suppoſe by a=x. Then va= T per Axiom 4. and 


both Sides of the Aguri being equally Involved it will 
be = = * Then AMalriphying both Sides of the Equation 
into bb, it 45 become bb Axi 

— a xæ per Axiom 3, Which ws 


54 


| Again 


 Y” a | 


Chap. 4 — of — — _ 7s 


Again Let Are Then ca = TY 
And 077 2 aa | Conſequently n = . 


Alſo from hence it will be KR tod 8 11 orf 
Multiplying Surd Quantiri cen ing to it the ang 


Suppoſe 3 N 92 7 Example I; 60. I, 


168213 KS. Nb 
2924 r. | 
3«x4|5]ba=zxzxx. l * 
ILS LX S. mich was to be proved, g 
FSlild/be=z | Bs 
Let 1 2 2 8 Example 1. Caſe 2. 
. ae 
2 4 Pane 2 
* 2 2 Is 
2 30 3 8 * | > 
4*51]6|/ bra = = 2 n What uu eu add 


„zb LD /bea = xx, &c. for the reſt: 
Diviſion being the converſe to RNS needs no 


ther Proof, 


— —_— I 8 


* 


K 
— — 


0. HAP. v. 
„ Worcerning the Nature of Equations, and how to are 
* them for : Solution. 2 8 
5 When any Problem or Queſtion is propoſed to be Ana: 


taning thereof be fully and clearl ehended (in all 
s parts) that fo it may be trul fir d from ſuch Am- 
nous words as Queſtions of this kind are often diſeniſed 
th; otherwiſe itWwill be very difficult, if not I to to 

ate the Oveſtion aright in its Subfizured Letters 
fer to bring it to an e/£quation, — Merv 
ordering thoſe e, as the Tere of the and . 
Now 


tically Reſolved +, it is very eee t e On 


ay reguire. 


* a * 1 
% 


* 
* 


— 


5 wh 494 4% —= "GRE... ”, % — 
xs ee Agens. Fach 
Now the knowledge of is difficult po t of t „ work, i is 

a rare mining 


only to be obt aine 4 an 
the Solution of ſuch 2 eftions as are in themſelve; 
I have. inſerted a Chlection 


of fe ene. And for that 2 


veral Queſtions; wherein there is great variety. 


2 got 15 cleuy in Underſtanding of the Onion p 

is to plate down all the 5 Concerned in 
ber due Order, viz. all the Subſtituted Letters, in ſuch 
Order as the Nature of the Queftion reguſres; the next 
thing muſt be to conſider whet er it he Limited or not. 
That is, whether it admits of more Anſwers than on: 
And to * diſcover that, obſerve the Two fol wing Rules. 


When the Number of the GQuantichts South; ex. 
Rule 1. 1. 


ceed the Number of the given Equations, the 
Queſtion is capable of innumerable Avpſwers. 


Example. hl 3 

Suppoſe a Queſtion were propoſet thus ; There are Thre 

fuch „2 that if the Firft be A to the Second, 

their Sum will be 22. And if the Second be Added to the 
Third, their Sum will be What are thoſe Numbers. 

Loet the Three Numbers be repreſented by Three Letter; 
thus, call the Hint a, the Second e, and the Third). 


Then $ as => 8 according to the Queſtion. 


ar oe Number of Quantities Sought ate Three : ; vi 
8 and the Number of the given e/£qrations ate 

ut 7 * ". Therefore, this fs is not Limited, bit 
admits of various Anuſwers; becadſe for any one of "thoſe 
Fhree Letters, you May take any, Number at pleaſutt 
that is Leſs than 22. Which with. a little 4 
will be Very eaſie to conc ei ve. 


Are "Akidaber * rhe 7 A (ne 
a n one anot are juft 4s many u 
hl ANG: of the Quantities Then it 
the Queſtion truly linitted, viz. each Quan 
| | ow 1 Jingle value; 

2 18 


9455 Wo: eee Int nad 991 be #rojoſed ibm 
There * de Three Lt he fore 1 22 
if the Far be Added to 2 e 2 Their n will be 22 


* 


Rule 2. 


Chap. 3. Of Reducing Xquations. 


if the Second be Added to the Third, their Sum will be 46 ; and 
if the Firſt be Added to the Third, their Sum will be 36, What 
are the Numbers d | 


That is, 2 Ee = 22. ey = 46. and a-+j= 36. 


Now the Queſtion is perfectiy limited, each ſingle Quantity ha- 
ving but one ſingle Value, to wit a=6. e=16. andy = 30. 


N. B. If the Number of the given Equations, exceeds the 
Number of the Quantities ſought ; they not only limit the Queſti- 
on, but oftentimes render it impoſſible, by being propos d inconſi- 
ſtent one to another. n 


Having truly Stated the Queſtion in its ſubſtituted Letters, and 
found it limited to one Anſwer, (or at leaft fo bounded as to 
have a certain determinate Number of Anſwers) then ler all thoſe 
ſubſtituted Letters be ſo ordered or compared together, either by 
Adding, Subſtrating, Multiplying or Dividing them, Sc. accor- 
ding as the Nature of the Queſtion requires, until all the znkown 
Quantities except One, are. caſt ,off or vaniſhed ; but therein 
great Care muſt be taken to keep them to an exact Equality; and 
when that unknown Quantity, or ſome Power of it (as Square, 
Cube, &c.) is found equal to thoſe that are known ; then the 
Queſtion is ſaid to be brought ro an Æquation, and conſequently 
to a Solution, viz. fitted for an Anſwer. . * 

But no particular Rules can be preſcribed for the caſting off, or 
gerting away Quantities out of an Eguation; that part of the 


) 


1 Art, is only to be obtained by Care and Practice. And when 
ut that is done, it generally happens ſo, that the unknown Quanti- 


ty which is retained in the Æquation, is ſo mix d and intangled 
with thoſe that are 4nown ; that it often requires ſome Trouble 
and Sti to bring it (or its Powers, &c.) to one Side of the - 
quat ion, and thoſe that are known to the other Side; (ſtill keeping 
em to a juſt Equality) which the Iugenious Uan Scooten in 
dis Pzincipia Watheſeos Uniſverſalis calls Reduction of 

| 


Ns. 
u The Bufineſs of reducing Equations (as of moſt, if not all 
tit} {gcbraick Operations) is grounded and depends upon a right Ap- 
lication of the five Axioms propoſed in Page 146. and there- 
bre, if thoſe Axioms be well underſtood, the Reaſon of ſuch O- 
hull erations muſt needs appear very plain, and rhe Work be eaſily 
re 2rrform'd ; as in the 7x (ani Sections. 


Aa ect. 


1 


Sekt. 1, Of Reduction by Addition. 


Reduction by Addition is grounded upon Axiom 1. and is oy 
the Tranſpoſing (Viz. the removing) of any Negative Quantity from 
either Side of an Æguation to the other Side, with the Sign . 
before it; As in theſe 


Examples. 
* 2 —b=dq Again, | 
en 5 a=d+b tal and == 
For | 3 b=b 1-+d ' aa = c — aa +0 
t+3[4la=d+b 2 ＋ aa 2 =e+d | 


| Note, When any abſolute Nude 
34 —4=6—8a is Regiſter'd in the Margin ; 

I 4 7 e ee nueſt draw a Line over it, 70 di 

5 "0 a 3 


ae uiſh it from the other "Numbers 
=6-+4=10 2 in the 24 Sep of this nan 


Ler 

1 +6 
2 -+- dc 
3 2 


244 — de = dd —2ba +b 
3 [44 =dd — 2ba + b+ de 


I 3 
4 | aa -+ 2ba — dd + b + dc 


2da — d = cc — 3baa — 444 

aaa + 24a — d cc — 3baa 

aaa + 3baa + 2da —d ce 
aana + 3baa + 2da = cc + d Bee, 


Suppoſe | 1 

1 -|- 444 2 

2+3baa | 3 
4+4 4 


Sect. 2. Of Reduction by Subſtraction. 


Redudt ion by Subſtraction is grounded upon Axiom 2. and 5 
perform'd by Tranſpeſing (or removing) any Affirmative Quantiy 
from either ſide of rhe Aquation, to the other ſide, with the Sig 
— before it. As in theſe 


— 


— 


Examples. 

Suppoſe | 1 A] Ler 34a + 4 

And Ne $4. 210 n 

1 — 2 4 CES 2 —4 24:= 6 
Suppoſe tf 4 4 do l. b 4 + . 
12a 244 — 2ba + de 4 b = dd 
2 — dc 3 aa, — 2ba + b dd — de 
3—b'4|aa—2ba=dd—de—b 453 


Let 


1 1 
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5 Let 11444 —þ- g-== cc -+- 3baa — * da 
1 — 34 2 | aaa — 3baa + d = cc ＋ 2da 


2 —2da| 3 | aaa — 3baa — 2da + d = cc © 
3— 4 | 4 ]aaa— 3baa— 2da cc —d 


Set, 3. Of Reduction by Multiplication, 


Fractional Quantities in any Æquat ion, are brought into whole 
Quantities; by Multiplying every Term in the Æguation with 
the Denominators of the FraRions. per Axiom, 3. As in theſe 


179 


— 


Examples, 


Suppoſe | I 


| 
Then |2|4=6x5 D zo. Fer 5 1 


4 
—2 6 
5 | 


— 5 20 
de 4a 
wp =] Suppoſe LES Sond 
3X 26 2 | 6ba = dc IXa—b|2} aa —ba=dd 
| | as dx 


5 
7 aa + be L = © 


2X 4 | 3 | aaa ＋ bea + bfa= dxb 


1X6 


5 guppoſe E H — 6 
2 ppole | 1 „ 
1X44 — bb IJ 444 = baaa — bbæa — bbba -|- bbbb 
a+b 
1Xa—+b |] 3 | aaaa+ baaa = baaa — bbaa — bbba + b 
4 ; - 'F Ware = — — — — 


Sect. 4. Of Reduction by Diviſion. 


2 

— When any Quantity (either known, or unknown) is in every 
Term of an Equation ; if the whole Æguation, be Divided 
by that Quantity, it will be Reduc'd into Lower Terms, per 
Aziom 4. As in theſe | 


Le Aa3 Examples 


Algebgza. Part II 


— — — — 
| Examples. 
Suppoſe | r | ba + bea g bed] Let 3. 44 = 74 
Ne LR 
Let | 1 |ffaa Hr — ffa = ffda + Add 
1--# ee 
22 l3la+ca—1i=d+dd E 


A 90 DA. A. — At. AM „ „ — — —_— * Pw 


with any that is known ; let the whole Aquation be Divided 
by * * Quantity, that ſo the unknown may be cleared, 
As in the | 


Examples. 
Suppoſe [1 |ba—ca=d] Let }1jcaa—daa=ed—di 
12 — [24 = — 10-4 Er 
b — c 8 0 — 4 

Suppoſe | r | b — 2bbas = ble + cba 
1 bal 2 ba — 2b e 

de 
2 — 313 EE 7 


Let lr 40 daa + 424 = bea + 21ca 


1—7|2| 7daa + 6aa= bea ＋ 3ca 
2 —alzl 7d + 6a = be + 3c 
be +3c 


3 — | + "—7d+6 


— 
— — 


Sect. 5. Of Reduction by Jnvolution. 


When there happens to be an Æguation, between any Hom. 
genial or like Surds; Take away the Radical Signs from the 
Quantities, and they will become Rational, As in theſe 


Examples. 
Suppoſe 174 =+d-+<c| Let A ier 
1222 a= d+c1&@3]2| be. 4.Ch3: 


Or if one Side of the Æquation conſiſts of Surd Quantitie, 
and the other Side be Ratzonal ; Then Involye the Rai0nd 
| | — 0, 


Or when the unknown Quantity, is Multiplied (viz, ona 


To 4 T am. —_ 
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Quantities to the ſame Power (or beight) with the Index of * 
Surd, and take away the Radical Sign, As in theſe | 


Examples. = 
Let [1] Ja=6 KI 716 A= Te 
18 2 F a = 36 10 2 a zeec. | 


SR Me 1 * 94 27 
2 | ca — ba = ddd 05) aa = 16807. 


Se: 6. Of Reduction by Evolution, 


When any Single Power of the unknown Quantity is at one 
Side of an /Equation; Evolve both Sides of the Aquation, ac- 
cording as the Index of thar Power denotes, and their Mots will 
be equal. As in theſe 

Examples. 


_— sl pris £5 = 3, e 


I n BETTY 
2 | 4 1 uy 3121 = bp: 


— — — — — 


Suppoſe 
102 


Or if any Compound Power of the unknown Quantity, be 

at one Side of the Æquation (that hath a true Roo of its kind) 
Erolve both Sides of the Equation, and it will be depreſs d 
into Lower Terms. As in theſe 


Examples. 


I E 44 — 244 bb = ddce 
I W 2 a+b=d | a—b= dc. 


2 


DS ©. 


Here follows a few Examples of Clearing Equations, whers: 
in all the foregoing Redu#ions are promiſcuouſly uſed, as occaſi- 
on requires, 

Example 15 | 


ak ee =. What is 6 = To 


geb. Fart I 


a x b |3|baa + be — b4 = 4g — 444 
3 + 444 |4|baa + 444 + be — bd = ag 
4 +b 5 bas + 4as -+ be = ag + bd 
* 6 | baa + 444 = 4g + d — bo 
las Ma in — 48 +d — bo | 
SY 5 of ho \ b+4 
7TWw2 8A = SITES As was requir'd, 
2 b + 4 = : OY 
5 2. 
[a+354 
Suppoſe | x 155 — 
raf 4 7 5 
| 344 
1X2 4 54 = 
Boa 2 |4 + 354 354 —a 
2X 354—4 |3|125316 — aa = 344 
3 + aa |4|444=125316 
424 |5|44= 31329 { Hae I 
$ ww 2 1614 = 4/31329=177 the Value of 4 requirl, 
Example 3. 
Suppoſe |1 — _ aa— 3bb bes a =? 
F 4 ne c 
| as +3bb REFS, * 
1 ©- 2 2 4 4 
4 aa — 3bb ba 
2 - — 
That is 3 22 bas 
BOY 1 4 c 
[a+ 36b aa — 300 — 244 __ aa 
2 
2 . — = 4/07 Y 
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aa baa __ ſa*—5bÞ* 


128 


2 Cc 
6 at ba# bba* 44.— 94 
4.7 EF 7 ce 7 196 5 
a* bba* _ a* — 90“ ba# 
r 
bba* bal 
3 
a '9b3 a* 
8 — 9 Pay —— _ 
| 4 


4 
Io X 11 aba* ＋ gcch? = 4c6* 
Mage 1 12 ech = 4ca* — ba? 
gccb3 
Wy” fit OO 
For 40 — 4b * a+ = 4ca* — 4aba* 


3 | ſ g9ccb? 
13 u [144 = 2 


12 — [13] 4444 = 


14 W 2 15 4 . N As was requir'd. 


— 


By help of theſe Reductions ( properly applied) the unknown 
Quantity (4) or its Powers, are cleared and broughr ro one Side 
of an Æquation; And if the unknown Quantity (a) chance to 
be equal ro thoſe thar are known, the Queſtion is Anſwered; as in 
the firſt Examples of Sect. 1. and 2. 5: We: 

Or if any Single Power of the unknown Quantity ( a) is found 

Equal to thoſe that are known, then the reſpect ive Root of the 

"DP Quantities, is the Anſwer ; as in the firſt 4 Examples of 

ect, 6. &c. | 

þ Bur when the Powers of the unknown Quantity, are either 
oed with their Root; As 44 -+ ba = dd, &c. Or do conſiſt 
of different Powers; As aaa -i- bag = dd, &c. Then they are 
caled AﬀeRted, or Adfected Aquations, which require other 
Methods to Reſolve them, viz. to find out the Value of (a) as 
hall be ſhewed further on. | 


CHAP. 


© Mgebzs. Part If, 


i 2 ts 
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CHAP. VI. 
Of Pꝛopoztional "Quantities ; both Arithmetical, 
Oy Geometrical and Pulical, 


What hath been ſaid of Numbers in Arithmetical Progreſſen, 
Chap. 6, Part 1. may be eafily Applied to any Series of Homy. 
genial or Like Quantities, 


Set. 1. Of Muantities in Arithmetical Pꝛogreſſion. 


Thoſe Quantities are ſaid to be in the moſt Simple or N. 
tural Progreſſion, that begin their Series of Increaſe, or r Deere 
with a Cypher. 

Thus< © 4: 24 : 38 2 48 34 6a: Sec. Incredſm 
O33 f $42 = = &c. Decreafing 
Or Wiverſally, putting à the firft Term in the Progreſſion, 


and e, the common Exceſs or Difference. 
Thend z FERTTERYT 4 +3e: a 48 : 4-j- Se: 44-6e: & 


4: 4 — e: 4 — 2c: 4— 3e: 4 — 4e: Ee Ge: & 


In the firſt of theſe Series it's evident, that if there be bu Bi 7 
Three Terms; the Sum of the Extremes will be Double to the 
Mean. K 

a 34: Or, 24: 34: 44, Kc the 
Viz. 24 FCO 4 + 4: On A 24 = 24+ 26, &c. (e, 

Alſo in the Second Series, either Increaſing or Decreaſing, MW N.; 
its evident, that if the Terms be 4: 4 -e: 4 + 2e, &c. What 
cre ſing; Then 4a ＋ 4 =- 2e, viz, 24 + 2e the Sum of the EV tim 
treams, is double to a + e the Mean; Or if they be 4:4—M C 
4 — 2e, &c. Decreaſmg, then a E 4 — 2t, vig. 24 — 2e ie the 
Sum of the extreams, is Double to a — e. the Mean. And Terr 


it will be in any ocker Three of the Terms, Secondly, If chen T 
are Four Terms; then the Sum of the Two Extre. ms, wil be * 
qual to the Sum of the Two Means, As in 5 : 4-+t: 
4 + 20: a -+ 3e, in the Series Increaſing ; | Here a -þ- 4 +3 
= 4 6,-+ 8-4-6; 

Alſo in theſe, 4: 3 — e: 4 — a: 4 — ze, in the Serie 
Decre ſing; here 4+4— ze 2 4 — 4 — 20, &c. 104 
ny other four Terms. 

Conſequently, If there are never ſo many Terms in the Serin 
the Sum of the Two extreams, will always be equal to the Su 


9 
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of any Two Means, that are equally diſtant from thoſe Extreames, 
As in theſe, 4: a +eta4+2e:a+3e:a+4e: 4 ＋ 5e, &c. 
Here a ＋E 4 + 5$e=a-+e-+a--4e=a+2e+a-|- ze, &c. 
And if the Number of Terms be Odd; the Sum of the Two Ex- 


treames will be Double to the Middle Term, &c. As in Coroll. 
1. Chap. 6. beforemention d. 


Conſectary 1. 


Nhenceat follows (and « very eaſie to conceive) that if the Sum 
of the two Extreames be multiplied into the Number of all the 
Terms in the Series, that Produtt will be Double the Sum of all 
the Series, | 

Now for the eafier Reſolving ſuch Queſtions as depend upon theſe 
Progreſſional Quantities, | 


a = the fir Term, as before. 
== the laft Term, 
Let <e = the Common Exceſi, &c. as before. 
N = the Number of all the Terms. 
S = the Sum of all the Series, viz. of all the Terms, 


Then will a+ y x N= 28, by the precedent ConſeBary : 


That is Na + Ny = 28. Conſequently EW =="8; . me 


Sum of all the Series, be the Terms never ſo many. Thirdly, In 
Sc. theſe Series, it is eaſie ro perceive, that the common Difference 
(e) is ſo often Added to the Laſt Term of the Series ; As are the 
ing; Number of Terms, except the Firft ; That is, the firſt Term (4) 
ur hath no Difference Added to it, but the Laſt Term hath ſo many 
E tines (e) Added to it, as it is diſtant from the F:rft, 
Conſequently, the Difference betwixt the Two Extreames, is only 
the common Difference (e) Multiplied into the Number of all the 
Terms Leſs Unity or 1, 
That is, N—1xe=y9—a the Difference betwixt the 
mo Extreames, viz; Ne — e =y — 4. 


Conſectary 2. 


Muence it follows, that if the Difference betwixt the Two Extreames 
be divided by the Number of Terms Leſ; 1. the Quotient will 
be the common Difference of the Series, | 


To Wh, == = 0 
. Bb Now 
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 Algebza, Fart It, 


Now by help of theſe Two Conſefaries, if any Three of the 


aforeſaid Five Parts (viz, 3. y. e. N. S.) be given; the other 


Two may be eaſily found. 


Thus, 
And 


w © A aA wm + ww 


2 


J—a-þe 


E 
Na -{- Ny = 28 
Ny = 2S$ — NA 
28 — Na 


y —aa 4 
Pi -|- 2 


_ 2 s The Sum of all the Series, 
yy — ad -| ae ye = 28e 
„ — aa He = 2Se — 4e 
yy — aa Y 2Se — 4e — ge 


e e == e The common Difference, 


Ne —e-- 4=y The laſt Term. 
Ne -A -e N 
„Fe- Ne The Firſt Term. 


1 


&c. 


— — — 


In like manner you may proceed to find out any of the five 
Quantities (a. e. y, N. S.) otherways, viz. by Varying and 
Comparing of theſe Equations one with another, you ma 


produce new Equations with other Dara in them; the 1 


— — 6 - 


* 
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1 ſhall here omit purſuing, and leave them for mo Learner's 
Prattice, 


Set, 2, Of Quantities in Geometrical Proportion. 


Geometrical Proportion continued has been already Defined in 
Sect. 2. Chap. 6. Part. 1. And what is there ſaid concerning Num- 
bers in : may eaſily be applied to any ſort of Homageneal 
Quantities that are in 22 


The moſt Natural and Simple Series of Geometrical Proporti- 
onals, is, when it begins with Unity or 1. 

As 1. 4. 44. aa. 44a 45 46, &c, im 

i: 4 22 8% : a8 : aaa :: aan © aaaa, & 


bb bbb bbbb bs 


4. 6. pa WY” I" &c. are Terms in >, 
bb bb bbb bbb b* þb* þbs5 
For ,n ie G3 G3 GT &c 


That is, when all the middle Terms berwixt the two Extreames 
are both Conſequents and Antecedents, that Series is in Geometri- - . 
cal Proportion continued. 

Therefore in every Series of Quantities in = all the Terms 
except the Laſt are Antecedents; and all the Terms except the Firſt 
are Conſequents. | | 

But Univerſaly, putting 4 the firſt Term in the Series, 
and e the Ratio, viz. the common Multiplier or Diviſor, then the 
will be | 

4 , ae , ee. aree ; acece ae5 , aes, &c. In == 
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Or 4 —? may NY OY &c. are in 687 Decr. 
e ee cee eßee e 7 


"In Asatee 

For 4: ae :: 4e; , = ace cc. 

| a 1 1 
„ T 
| ; e F;."-W ace ee E ee cee 


I. In any of theſe Series it is Evident, that if three Quantities 
are in , the Rectangle of the two Extremes will be equal to 
tne Square of the Mean. As in theſe.  * 


4: ae , dee. here 4X ace = de Xx ae. = gare, KC. 


B b 2 Or 


- * 
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a 4 2 4 44 
Or 4. 7 J bere alſo ox == r = = 


II. If Four Quantities are in :. the Refangle of the 


Eatreames will be {equal to the Rectangle of the Means. 
As in theſe, 4 . ae , er. acee, here a M ae? = ae x gee, 


| K—- .&# ©. EY 3 
Or 9 here alſo ax — K —= 


Conſequently, If there are never ſo many Terms in the Serie 
of = the Rectangle of the Extreames will be equal to the 
Rectangle of any Two Means that are equally diftant from thoſe 


Extreames. 


As in theſe, 4. ae; ace; acee |; aeree; de Sec. 
viz. ae. X a = ae X 4e Or ae) x a= acce & ace = aa, 


III. If never fo many Quantities are in : it will be, As am 
ene of the Antecedenis, Is to its Conſequent; So is the Sum of al 
the Antecedents, To the Sum of all the Conſequents. 


4. 4e © ace . aece. accee . 24, &c, Increaſig 


As in theſe, N 2 2 4 os &c, Decreafing, 


eee eee cece 


4:4 :: 4 ＋ 4e - ace ae + de“: ae -|- ace-PCAes ar* +6 


O 4 . a. 4 . 5 
E837 5203 „ TT SOT IIS 


viz, 4 M ae -Hace- Ca HE =aeXa-4-acþ- ace aeg · C 


That is, the Rect angie of the Extreames, is equal to the Reb 
angle ot the Means; per Second of this Se. | 

Note, the Ratio of any Series una increaſing, is found | 
Dividing any of the Conſeguents by its Antecedent, 


Thus, 4) ae (e Or ae) ace (e &c, 
Bur if the Series be decreaſing, then the Ratio is found b 
Dividing any of the Antecedents by its Conſequent, 


LEE 1 | 
+: Thus, ) a (e Or —). {0 &c. 


. — 


E 
(or 7 


As tl 
Diff 
Su 


Z 
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Conſectary. 

Theſe things being premiſed, ſuch Ægquat ions may be deduced 


from them, as will ſolve all ſuch Queſtions as are uſually propoſed 
about Quantities in Geometrical Proportion -|'- In order to that 


a = Theft Tem. 4 
Let 3 — The common Neis. N _ before, 


Chap. 6. Of 


y = The Loſt Term. i 
$ = The Sum of all the Term:. 


Then S — y = the Sum of all the Antecedents. 
And S — 4 r the Sum of all the Conſequents. 


Analogy. \ 114: —5 8 — 4. Per the III. of this S. &, 
i **'| 2] S4a — 44 = aeS — ey | 
2—a| 3] S—a=eS—e 
3+&9 | 4] S+g —a=esS 
4—S| 5] @ —a=eS—S 

F—e—11| 6 —=6 The Sum of all rhe Serien 
2 TONE 
z—8—y|] 7 — The common Ratio. 
5 ＋ 48e = eS-+a—8S 
S ＋2—8 

8 — e 9 l — =y Thelaſt Term. 
4+ajlo|[S+gOG=eS+32 

10 — e [11] S-4-& —eS=s The Firſt Term. _ 


— — 


Note, The *,* ſer in the * at the ſecond Step, is inſtead 
of Ergo; and ſignifies that the e of the two Extreames 
in the firſt Step, is equal to the Rectangle of the Means, And ſo 


for any other Proportion. 


o 


delt. I, Of Harmonical Proportion, 


5 Harmonical or Muſical Proportion is, when of three Quantities 

a ber rather Numbers) the Ful hath the ſame Retio to the Third, 
As the Difference between the Firſ# and Second, hath ro the 
Difference berween the Second and Third. As in theſe following, 


Suppoſe - e Muſical Proportion. 
* I ] | 
r 


eb — eg % — % © 


2 ＋ (4 


- 7 * 2 3 
” . 
. 1 # ©” 
OO 2 
. 8. — «4 a 


— —— | | 
Part II. 
2 -þ- ca 


1— 


cb = 240 — ba 


3 
3 T 20—5 4 5 — 2 The firfl Term. 
34. 5 en 
er- 6 T0 The ſecond Term, | 
5 —cb| 7 | 2ac— eb =ba | | 
7-—24—c 8 — The third Term. 


If there are Fur Terms in Mufical Proportion, the Firſt hath 
the ſame Ratio to the Fourth, as the Difference between the Firf 
and Second, hath to the Difference between the Third and Fourth, 

That is, Let 4. b. c. d be the four Terms, &, 


Then | 1 
1 „24 — da= da — ca 
2 + da | 3 = 244 — ca 
adn EO 02 Le as 
Ls: 2da — ca 
3 3 PRES 
3+ca| 6 | db-j-ca =24da 
6— db | 7 | ca = 2da — db 
|, 2494 
7 -- 4 Co — Tm 
By 1 
iis *ud 57” 15 Hon : 
CHAP. VI. | 


* - 


Of Proportion Diſjunct, and bow to turn Æquations in 
| NG NC | 

Proportion Disjunct, | or the Rule of Three in Numbers, is alres 
dy explain d in Chap. 7. Part. 1, And what hath been there ſaid, 
is applicable ro all Homogeneous Quantities, ai. of Lines u 
„ | | 


5 gelt * © rd 
If Four Quantities (viz. either Lines, Superficies, or Solids) be 

Proportional; the Rectangle comprehended under the Extreamu 

comprenended under me £1 i 
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is equal a the Rectangle comprehended under the Two Meant. 
6. Euclid 6. e os | | 
; For inſtance, Suppoſe, 4.b.c d. to repreſent the Four 
Homogeneal Quantities in Proportion, 0 P 
viz. 4 t ge 23d; will ad = be 
For ſuppoſe 6 = 24 then will 4 = 2c 
And it will be 4: 24 :: c: 2c. Here the Ratio is 2. 
but 4X 20 == 24 X c. vix. 204 = 24c 
Or Suppoſe b 34 then will 4 = 3c 
And it will be 4: 34 :: c: 3c, Here the Ratio is 3. 
but 4X 306 = 34Xc viz. 34c == 3ac 


Or Univerſally puting e for the Ratio of the Proportion, 
viz, making b = ae, then will d == ce | | 
And it will be a:ae:: c: ce 

but 2 x ce 2 4e xc Viz, ace = acc 


Conſequently, ad = be which was to be proved. 
Whence ir follows, that if any Three of the four 15 og 


Ruantfties be given, the fourth may be eafily found, Thus, 
Let 1 [A: h e: d. Then x 
I *,* | 2 | 44= bo as before 
e 
ad 
2— 0 4 == 
4 12 Þ 3 22 
Cj 6 1 
= 
in e Note, In thu manner Euclid , In 
LJ — 7 } N#% ib Book, expreſſes the Ratio of 
_--. 43 p Proportionals. viz. the Ratio 
rea- 120” Ac —__; CO . £ | 
* by Fo 7 o 4 2 bs 7 * 


If four Quantities are Proportional, they will alſo be Proportio- 
al in Alternation, Inverſion , Compoſition , Diviſion, Converſion, 
ind Mixtly, + Euclid. 5. Def, 12, 13, 14, 15, 16. 


Thar 


- 
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TH 3312 4 bein dire D 


That is, if 1 
Then 24 :c: 15: d Alternate, For ad = be 
And 3| b: a:: 4:0 Inverted, For ad = be 
Alſo |' 4 a+ b:: 14: d Compoumded. 

4 | 5| da+b4=be-+bd That is, ad be, as before 
Or | 6] a-+c:6t: b-+d: d Alternately Com 
8 ad TL e = bc -+ ed Thar is, ad = bc, 

Again, | 8] a —b:b:i:c—d:d Divided. 
8 | 9] ad — M= be — bd That is, ad = be, 


Or [1o} a —c:c::tb—4d:d Alternately Divided. | 
10 „ [11} ad cd = be — cd That is, ad = bc. 
And 12 a:bB<Zattc:td e Converted. 
13 513 ad © 40=be = a Thar is, ad = be. 
+b:a—bi:c+d:ic—d Mixth, 

„ {rs . a, 38? 
15 + [16| 2bc = 24d; 8 222. 


Note, What has been here done about whole 4 es u 
Simple Proportion, may be eaſily r d in Fact ional Ream 
ties; And Surds, &c. + 


ab 5 — d -|- c 


For Inſtance, If — _ $2 be required 
to find the fourth _ 
p / on 
ir will be e the Rectangle of the Means, which bein 


b 
Divided by rhe firſt Extreame = it will become 


4b. dd — ce dde — ccc dd — ce. 
—) r 2 ” RO the fourth Tem 


C 


Or if b: v bd--be:: : Abe: to a fourth Tem, 


Then is De x VN be = bd + be the Rectangle q 
The Means, And = bd -|- be — 3 the fourth Term. 


That is, b : /Þ4 + be 2: Vbd+be : dc &c. 


Se. 2. Of Duplicar and Triplicat Proportion: 


The Proportions treated of in the laſt Section, are to be undet- 
ſtood only when Lines are compared to Lines, and * ro 


ESD © «7 — 
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wo. a — 


Superficies ; or Solids to Solids ; viz. when each is compared to 
that of irs like kind, which is only called Simple Proportion. 
But when Lines are compared to Superficies, or Lines are com- 
pared to Solids, ſuch Compariſons are diftingniflted from the 
wry by the Names of Duplicate and Triplicate (St.) Propor- 
tions; ſo that Simple, Duplicate and Triplicate (Sc.) Proporti- 
ons, are to be underſtood in a diffetent Sence from Single, Dou- 
ble, Treble, Sc. Proportions, which are only as 1, 2, 3, Sc. to 
x ; but thoſe of Simple, Duplicate, 7755 cate, Sc. Proporti- 


ons, is that of 4. a, daa, &c. to 1. Or if the 1 
* ; . 48, . 2 dT d 4 t 

be that of 4 to 5, whoſe Ratio or Exponent is . or — 
14 3 — of AT 75 


y 3: een 
according to Euclid's way. 7 _ 


4 4 ada” . N * Rl on 2 17 1 
Then N = is che Expon ent of che Duplicate. bs 
4:8. 83: erregt bs of = 
And N NT = is r* the Tripl. Propor. ) 
& * — eee 
And if there ate three, four, or mote Quantitir: in 2 as 
1. 4. 44. ada . 44. 45, &c,(As in the firſt Series Sect. 2. of the 
laſt _— Then, that of the Firſt to the Third, Fourth and 
Fifth, Oc. (viz, 1 To aa, aaa. aaa. af) is Duplicate, Tri pli- 
cate, Quadruplicate, Ce. of rhe Firſt to che Second '( viz of 1 
To a; ) And by Inverſion, that of the Third, Fourth, Fifth, &c. 
$ 1 k Tripliate, c. of that of the Fecond to the Firſt, 
« To 1) per Di. 10. Buci. 3. But the Nature of theſc Pro- 
portions will appear more Evident, and be eafier underſtood 
hen they are applied to Practice, and Illuſtrated by Geomerri- 
cal Figures further own. | £ 


. 


eng 


Set; 3. How ro turn Æquations into Analogies. : 


From the firſt Section of this Chun ft will be eaſie to conceive; 
ow ro Turn or diffolve Æquations into Analogies or Propor- 
ion. 01430331 1211365" 1; 2 
For if the Rectangle of two (or more) Quantities, be equal 
o the Rectangle of tw] O (or more) Qganeities; then are thoſe 
dur (or more) Quantities Proportional. By the 16 Euclid. 8. 
That is if ab = de, Then is 41e ’‚f.. 
1% r bh £07 41 lt de Sab dan: I: 
From whence there ariſes this general Rule for Turning 
[ations into Analogie. J 


. C C i Rule 


—— 


Was Tr 


Divide either Side of the given Aiquation (i it coli 
| | done) into two ſuch 3 or Factors, as bein ing multiplie 
| together, will produce that Side again; And male 100 
Rule 1 two Parts the two Extreames. Then Divide the other Sil: 
| of the /Equation (if it can be done) in the ſame Many 
| U the Firſt was, and let thoſe two Parts or . be the 


two Means. , 

For Inſtance, Su ab ＋ ad = bd. < 
Then a :b Mm Or b:#4::b-|-4:4 Gee. b 

Or taking ad from both Sides of the Zquarion, and P 

It will be ab = bd — ad. Then 4: d:: . 5. 5 
Or, b:d::b — a4: a &c. *© | t 
Again, ſuppoſe aa r 24e = 2by Y. tu 
Here 4 and a + 2e are the two 8 ca 
in this Æquation; for 4 ＋ 20 Xx 4 = 44 ＋ 24. 10 


Again, 7 and 2b +3, are the two Factors of rhe other d 

Therefore, 4: :: 2b -|- y: ry 

Or 2b ＋- : 2 ＋ 20: : 2:57 & 
When one Side of any quation can be divided intom 
Factors, as before ; and the other Side can not be ſo Divide 
then make the Square Root of that Side eicher the two bt 
treames or the two Means. 


For Inſtance, Suppoſe be -|- b4 = da -+ g. 
Then 5: Vg :: VI g: ea. 
Or Va g: b: : 4d: V da+g: Ke, 


. * ad 


CHAP. VIII. 


Of Subſtituticn . „and the Solution of Quadz i 
ö FTzustiens. 


Sed. 1. Of Subſtitution. 


| When new ' Quantities, not concerned in the Firſt ſtating 
any Queſtion, are pur inſtead of ſome that are engage! in 
that is called Subſtitution, 

For Inſtance, If inſtead of » bet be- de you por OP or « 
other Letter, Then 


That is, make X VEE 


—— — — — - — — 
Chap. 8. Of Muadzatick Aquatzons, 195 
— — = | 

Or Suppole 44 -E ba — ea + da = ds, inſtead of b— c A- 4 
you put 5, or any other Letter not engaged, viz. s = b — c -|- d 
Then 44 , ia = dc. | 
That is, if e be greater than b +4, it's aa — 44 = dc: 

Bux if b + d be greater than c, Then it's 44 + 54 = dc, 


And this way of Subſtituting or putting of new Quantitics 
inſtead of others, may be found very Uſetul upon ſeveral Occa- 
Gons ; viz. in order to render {ame following Operations in the 
Queſtion more eaſie, and perhaps much ſhorter than they would 
be without it, as you may obſerve in ſome Queſtions hereafter 
propoſed in this Tract. | 
And when thoſe Operations, in which the Subſtituted Quanti- 
ties were aſſiſting or uſeful, are performed according as the Na- 
ture of the Queſtion required, you may then (if there be Oc- 
caſion) bring the Ozginal or firſt Quantities into the Æguati- 
on, in the Place (or Places) of thoſe Subſtituted Quantities : 
Which is called Reſtitution, as you will ſee further on. 


Sect. 2. The Solution of Quadza ick Equations. 


When the Quantity ſought is brought to an Equality with 
hoſe that are known, and is at one Side of rhe Æquat ion, in no 
more than two different Powers whoſe Indices are double one to 
another, rhoſe Equations are called Quadratick Equations Ad- 
wal and do fal under the Conſideration of three Forms or 
aſes. wet | 


Caſe 1. aa + 2ba = ds, a* + 2ba* de, 
wi 


Caſe 2. aa — 2ba= dc. a* — 24 = dc. 
Cale 3. 2ba — 44 = dc. 2ba* — a* dc, 


46 + 2ba* = dc.) a + 2ba* = dc, 
Alſo 3 46 — 2ba* = dc. & And Jo — 2ba* . & c. 
| 2345 — 45 = dc, _Cabat — a= dc. 


When there happens to be more Terms in one of theſe kind 
Equations than I wo, and the highcſt Power of the unknown 
Duantity is Multi plied into ſome known Co-efficients; you mult 
educe them by Diviſion; as in Seff. 4. of Chap. 5. and for rhe 
ung Wraiona! Quantities that may ariſe by thoſe Diviſions, Subſt;- 
a 10 ute another Quantity doubled. | 
For Inſtance, Let baa + can — ca — dg = de + cb. 


US Th ca — da de + k 0 A4 
5 E- b+e © 6 +c m EKR b+e 


CC 2 - 


= 2. 


2 » ö ——_ . —  —  — _ —————*_ _— 3 
. 
eee 
19 * a 8 * & * $4.24 1 + 977 , „„ 


\ Tc3 ft = * 7 e 
And if you pleaſe, for . „ 


Then will 44 — 2xa=x be the new Æguation, equal to the 
other, being now fitted for a Solution, 
Now any of theſe three Forms of Equations being this pre: 
for a So/utzon, may be reduced ro fimple Powers, by ' caſt. 
ing off the ſecond or loweſt Term of the unknown Quantiy; 
which is done by Subſtitution, thus, always take ha/f the known 
Co-efficient, Add it ro ( Caſe1,) or Subſtra# it from 
(Caſe 2.) its fellow Factor; and for ING, : or r Df 
Ane another Letter, As in theſe. = | 


f Let 1 44 n Cale: 
Put 24 a+ bre . 5 

2128 23 aa L 20 . % ee | (he 

3 — 114] bb ee - de * | 

4 +dc|y ee = b + dc. | 


5 Wu, 2.15.4 = EEE = 5 
2 and 6 [7 | ,,+b=4 Wa Per Adam 6 
7 —blole=vHF&:—b 5 


—=_ 7 f Ar 
An; . 
Let |1 | 44 — 24 = do Caſe 2. 
Pur |2 | 4—b=e : 
2& 213 aa — 2ba + bb ce 
3—1 14 bb = ee — doe 9 
4 ＋ d eee = de +bb 
3 246 S2 Nis + „ 
2, 674 — 2 v de + bb 
7.6 I a=b+vd+bb_ * 


* * . — 2 — 
e : 


In Caſe 3. Piem half the known Coffee Subſtra® ir 
fellow Factor. 


Thus, Let |1 | 204 — 4a =dc 
| Put 25 - e e n N 
2 & 23 % — 2a K 4 —_ 3 
13 4 bb == dc + ee | | 
4 —415} ee=bb — de 


ban © 
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5 4 21 6 = NN = 
z, 6]7 | 6 —a= V h—d 
a +418 b=0+vVB—&, ET NY 
S Vll LDE 
— —— —— — 


vations, where - 


far Inſtance. 


And this Method holds good in thoſe other A 
in the higheſt Powers are 4, 46, 48, Kc. 


| Let |1 j 45% ＋ 24 =dc, Caſe 1. 
Put [2 [43 +þb =e $79 | 
20 2346 + 2a +bb =ee 
3— 1 |4|bb=w—_de - 
4 + de |5 | ee =bb de 
% 2 = VIA 
2, 6743 ＋ UBS VNA | | ; 
7 —b $] 8 => Fade: —b 1 ; 
_$ww3 19 . Bb + de:-—b RY 


— — 7˖——— — — 


— — 


a C 


The ſame may be done with all the Reſt, Care being taken to 
Add, or Subſtra, according as the Cale Requires. 
But all Quadratick Equations, may be more eaſily Reſolved by 
Compleating the Square which is grounded upon the Conſideration 
of Raiſing a Square from any Binominal, or Reſidual Root. 
(See Sect. 5. Chap. 1.) 8 | a 
Viz. If a + 6 be jnvolved to a Square, it willbe, az + 2ba + bb 


And if a—b be fo Involved, it will be, aa— 2ba + bb 


Whence it is eaſie to obſerve, that aa -+ 2ba=de. Caſe 1. 
And aa — 2ba= de. Caſe. 2, Are imperfe# Squares, 
wanting only b to make them Compleat. And therefore it is 


dat if half the known Co-efficrent, be jnvolved to the Second 


Power, and that Square be Added to both Sides of the /£quation, 


iu ue 17known Side will become a Compleat Square, 


Here half the C-oefficient 
Thus, Ler |1 | 4a + 24 = de. Y2b is b, which being 
Bur |2| 35 =bb C/quared, is bb. 


1+2Z 3 aa + 2ba + bb =de + bb Caſe 1. 
3w2 |4|a+b= v de ++ bb. &c. As before. 


Again, 


| 
[ 
| 


Algeb za. Part II. 
Again. | 
Let 1 44— 2ba = de Caſe 2: 
2 bb = bb 


34 —2ba+bb=de +bb 
a—b=vde+bb &c. As before, _ 


But, in Caſe 3. you muſt Change the Signs of all che Terms i 
the Equation, 5 


Thus, 11 2ba — 4 de Caſe 3. 
La [| armabe= ak | f 
— Then ]3| a: — 2ba+bb = bb —de &c. / 
And this Method of Compleating the Square holds True i 
thoſe other Æquat ions. | 
Viz. | 1 | 44a4a + 2baa = de Cale; 
For | 2 bb = bb As before. * 
1 ＋ 234444 -+ 2baa + bb = de -+- bb 
3 60 24 aa+b=4 de + bb | , 
14235 aa=v e T: —b 8 
ä —ñ  ennn—_ 
Ju = v dc + bh: —b Andlo forthent 

Mi RES RIG * 
1 0 Or let 1 as + 2bana = de As before, Caſe I. 

4 „ OO RTE 
14 1-+2 3 | a5 + 2044 +bh = de + bb | 
1 3 24 aaa + b = V + bb 
4 a—b]s ana = Vier: —b | ] 
44 1 . ie: —b &c. 1 | 

142 bs | | | 2 ; 

1. K Vali 
L | Corollary. 3 
19 Hence it's evident, that whatſoever Method 6 uſed in Solving the ther 
T6 (er indeed any other) Aquations, the Reſult will ſtill be the ſami I eich 


In sf the Work be true; as you my obſerve from the Operations of 1 2. 
ns Section: For both theſe Methods here propoſed, give the ſame 
i-'v rems in their reſpecti ve Caſes for the Value of (a.) 


Thu 
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This, when aa ＋ 2ba = de Then 


Theorem 1. a=v de+bb: — 
And when 4 — 2ba=de Then 
Theorem 2. a=b+v dc + bb 
Again, when 264 — aa = de Then 
Theorem 3. 4 =b— v bh —dc 
The like Theorems may be eafily raiſed for the reſt; 


If the known Co-efficients (of the ſecond or loweſt Term) be any 
ſingle Quantity, as aa + ba = de, &c, Then is 26 its Half, and 
I ; will be the Square of that Half: Thar is, 26 x 26 = bb. 
And then the Work vill ſtand 1 1 v1 1 es 


ö Thus, 144 + ba r de 
100824 ＋ b 45 = de A.- 3b 
2 23 2 ＋ = de 
2A v_de+3bb : — 3b. And ſo for the reſt! 


Note, C O placed in the Margin againſt the ſecond Step, fipnifies 
that the imperfect Square aa + ba in the firſt Step, # Ir an 
Compleated, viz, in the econd Step, | 


Now by help of theſe Theorems, it will be cafie to Calculate or 
find the Value of the unknown Quantitity ( a) inNumbers, 


Example 1: 
Suppoſe aa + 2ba . Let b= 16 And x = 4644; 
Then a= v7 bb : —b. Per Theorem 1. 


Bur x ＋ bb = 4644 + 256 = 4900 And / 4900 = 7+ 
Couſequently 4= 7 — 16, Viz, a= 54. 


E 


Bur every Adfected Aquation, hath as many Roots (or rather 
Values of the unknown Quantity) either Real or Imaginary, as 
ae the Dimenſions ( viz. the Index) of its higheſt Power; and 
theſe rberefore the Quantity a, in this Aquation, hath another Value 
ſame either Affirmative or Negative; which may be thus found. 

1. Ihe given Equatien is 44 ＋- 32 4= 4644, and its Root 4 2 54 
Les theſe two Æęuations be made or A uated equal co o, 


1 4 * - 
© A E * 
* * 


Thus, 48 ＋ 324 === 4644, =, And 4 — 54 =o. ; I 
Then Divide the given Aquation by its foſt Not, and «s WM 
Quotient will ſhew the ſecond Value of a. 


Thus, a—54=0) 4 32 — 4644 = © (9+ $62 
2 " JOEY 
I — 4644 
| 364 — 4644 
; 77% BY 1 
Hence the ſccond Value of a is = — 86, Or 86 ==; 
which Seems Impoſſible, \vix. that an ive Quantity ſhould 
be Equal to a Negative Quantity ; 3 by this ſecond Vai 
e Co-efficient, the true (or fit) Aiquatin 


of. 4, and the 
may be formed, 


1 ee, 
44 2 ＋. 7396, via; 86x ge N 
3322 2 — 272 
— 
3 14} 44+ 324 = 4 4644 As ar — 
. Example , 2. 


ſe 11 44 — 74 = 948,73 Then per Theorem 3; 
2 44—74 N = 94875 +F = 961 
2 a — 1 (Or 3,322 ohh 


14) £ZZ37; 2. 345 2 
2 A 
1 "ST 1 
4 Y by , 7 N 4 N 
# 1 4 : 


* for the ſecond Value of 45 nM 
Let 44 — 74 — 948;75 = o. And a— 34, 
Then, 4— 34,5=0) aa—7a— 948,75 = =0 (a+27= 
Conſequently this ſecond Value is a = — 27,5 
Which. will form the Original — . ann 
If ir be ee che laſt . | 


ö Example 6 ©" 8 
e — 245. Then per Theorem j. 
a= 18 — vV3214- 324— 243 vix. half eee 5! 
| Thar is, 4=18—48. but 5819? a 
Therefore 2 = 18 — 9 = 9. . 
ed an Anibiguow Eguaron, becauſe: ir hath Two ie U 


lues of the unknown Quantity, (4) both which be fopni 
withour ſuch Diviſion, as was aſed — I_ 11 


— — —— 


N Fo 


— 


-— 


8 DIY a ee 
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Caſe, 18 ＋ vis. 41 wind agent, 

For in this 142 a a= 1 — 2 

Or 2 2 18 —=9=9,- A before 3 And both theſe Paluerof 1 

ate equally true, as to forming the given Æquation; 

Viz. 364 — 4 = 1243. if” a=9, then er 
15 364 = 324/3 bux 324 — 81 == 243, therefore a 9 
'A gain, if 42 2 217, then will 44 = 729 and 362 = 972. 
Bar 972 —129 = 243 , conſequently it may be, a=27.. 
Now either of theſe Values of a may be found by Divan, 

as thoſe were in. the other two Caſes, one of og. Firit 

found by the Theorem. . 


Thus, let Mak wa =o, And 9 —4=0 
Then Kine ded eee 9 
18 * 44, Nn 7; u 0 
274 — 0 — 243 
279 — 42 
r eee 
nce, — Then * * 27 As Bubb: 
Norwithſtanding all Quadratick Equations of this third Form 
have Two Affurmative Roots, (as in this) yer but one of thoſe 
Roots will give a true Anſwer" to the Queſtion, and that is to be 


all be hewed to en _ Limits of the Queſtion, as 


1 Febol bh. © 


From the Work of obs de laſt nl it may be ſerved; : 
That the Sum of both the Roots, will always be equal to the Co-effici- 
ut of their repeRive lation, with a contrary Si gu. 


20 Thus. In Barf 25 * 4644. 
rr) 


'T 


1 . 
* Wie Way changed? into . 
e V8 Dauol » _ da £&=— 73 Ad Add * | 


fon . 2 27 


=. 


foll: + - 2 4 


— 


— 


11 repr eproſent” ay "Number? 
Fig. e [1 Tepreſent ae 5 te * 


— _ 
ori. 5 my 0 Part II. 


N 5 wg mou euher of che Rae be foupd, the 
ex may be ea out Diveſton. .... ( 
If the Contents of. this. Seftson' be wall underiteed, wil be 
„ eg to give a Numerical Solution to * Quadrat ick. Aiguation, 
happens to ariſe e of: Queſtdons, Sec. And as for 
— a Geometrical Conſiruct ion o chem, L think it nt Proper 
in this Place; becauſe I here ſuppoſe the Learner wholly Ignorant 

of the firſt Principles of . ee I ſhall reterr _ 
Work wo the gert . wo tag wy ay 


202 


70 543 (3. 1 


— 


3 0 


Th ee CH. AP: N. 


of Fink or the Method of Refobwing Problems; Exen 
plified by Varigt of Numerics Aueſtions. 


N. B. Here 1 adviſe the | young > Lekrnet, to make uſe always o 
thr fume eue to , den, he ſame Paca in all Queſtia, 


Fe 32 Duaffiliu 4 


3 A: 11495 


4 e 24 b 0e 
ſe Y 2 * , 
JE e — 4 (fm 5 rell. * 
ae = ir — — 
Then let 4 a 7 Their Product. 
7 N 0 2 hn 2 = Y f. 74 * N 2 \\ ne KK? * i 
* aa er 7 Th cl Square „% 
WC. 28 The: — ä Square 
SS $a — {| 11 Na. N dl 2001 
Any Two of theſe, 2 7% yy ) Being given, thence w 
find the Reſt 5 £ of Non Vargations or g 


Nueſtion x. Sup . 4 = 5 were given it, Were 
tequired by them 11 Ws . 14 . ad 5 — 


| 2e 1240 
1% 112 8 0 ſuppote < = 102 N The 

324 3 Wand Ub ada a 

4 * 9 A. pow ld ON 5 NA! 28, did v4 

4 Bk of CEE 5 N 4 is found. 


2 4 12 


— — rr neem ( 
Chap. 9. Of Nuneal-Q Queſtions. 207 
—  _—— — . 
beg F deen . © 
N Ip 4 Here e is found, 
„ 6: | | "a= | * 
4 * 9. e D 3164 Here p is found, 
3 NE A 
| Fas 4 2 
48294 244 Fl EW by 2 
6 O 2 [10] e — — 576 
=: 
„ eU HH, e n 
eh HM A 46080 _ x found. 


at J 
10 2 
e X 4 
3 
5 W2 
146 
7 2 1 


1—6 


I 
2 
3 
4 
3 
6 
7 


| 


Queſtion 2. Let 4 and p be given ; To (pd the Reſt. 


a e 7 — 
N Were 4 . „4. 74 · * 


aa + 44e + ce = 55 = 57600 


gn = = 20736 
oe 3664 


Vis — ap = = = 192 
24 = #5+|- Va — ap 4p 


4927 — 
"a = 2 Here 4 is found = 


2 8 nx Vai —ap 


216 


2 2 * — 45 


5 & Brig + Here 93 
2 V 


1 . = 
55 V 5 —@ 7 1 
—LILLES — 


, 


SITE: 47 F WW? 


Dd 2 


13 + 1 


, 
Part I. 


204 
e 4 + er = = x = 47232 
12 — 1315 na — ee =3V 15 —ap = x = 46080 


Nueſtion 3. Suppoſe . and 7 are given, To find the ket 


| 1 er 5 =240 
1 4 LY . 4. N 
n 
2 * e 3 — 
1— 314 0284 a= os 
4+gqe | 35 ge He =s 
ig Big * e „ For 2 IN 
7 5 
1 38171 = — 
i 4 
qss | 
© 7 | B a= —— = 
* e i 
| „ 
7 — 61212 — e q+1 =d 
| 1 
= 16 
6 2 11 — » $474 
& | | oy q4q + 27 1 l 
| qq#s - 3s 
0 1112 — — : 
SE od Geet ESTES 
| 3 r 
2 W 08 2700 44 1. 


Dueſtion 4. Lee s and + be given; To find the l. 


EY 


dd - 


| 48 +e= 727 =240 
aa Cee X = 47432 
aa + 24e + ee . 
240 =55 — 
44 — 248 -+ ee = 


Þ Quere 6.0.4. t. 


21 — 58 


= = 


N 2 — 4 


Vis 


* | tee 200 


a= juſt as in the 2dQue- 

" | Pouch Kay th k 
| 20= — * — Steps here, being the 
wie y 2 very ſame with the 
. Gundie Sreprrhere. 


2 


_— 
3 


When = and x are given; Tofindthe Ref 


a+e=5 = 240 | 
ad — = no see | Quere 4. e. d. p. 7. Fo 


2 2 A viz, 4 J. e) 44 — ee (a 
| 


x $5 -- x 
26 f —= : 


op 2 — 


4 
5+ — 2 on mh Xxx 


mel 


Queſtion 6. Suppoſe 4 and p are given; To find the Reſt. 


5 A 405 


2 — e dg 192 5 n 
ae = Þ =5184 > Query f. K · * 


162 


2 Fark! 1 


Fl = +63 Ages 142M 0 


—ͤ—ũ—ñ6P CT] — 


\ 
* 


44 ＋ 24e . ee = 


8 
ee 


153 


20 A ee — 4 


a1 a0 K 184 
4e = 4Þ Fd 


OO —_ OY Woo > n —— 


1 
= 4 
24 =d + dd + ap LE ls 


ESCETS 
7G 


. 


= 


"4d + ap : sf 


dd-+ 2p + dv dd 4d + 4 45 
2 ET. 


— 


aa ve = dd + 2p =x* 
4 —e&=dV WHoap=x 


—— 


— * 


Queſtion 7. 


1 4 


2 Xe 
1-+e 


Let d and g be given; To find the . 
a — e d 192 
Jon. w {.% 


a 
7218 


a — ge & 4 
„„ 4 5 
„Gau E 
qe —e=a,. 7 ha : "+3 | 8 


7 For q—1Xo==:ge 4 


9.—. 


Tp . Of Numevical/Mueſtions, 


22 


I 

2 
3 
4 
5 
6 
7 


«> 
A. 


ä —— ů — — 


. 
—— — — — —— — — 


——_ 
12. 1 
raul) 2 . 2 
2 x — 
711 F 4 
r hk X07 4d NIS 
ce = | 
x 144 — 24 f1. 1 — 4 
| dd 44 , 
11 +12 3144 ＋ ee= MELEE 
3 2 · . 
— dd 1 p I 
— 12 8 — & 
th 14 1=2+2 1 3 


| Queſtion 8. Suppeſe d and x given ; To find the Ref 
| s—e=d = 195 
aa + ee = 7 = 497232 
* — 240 + cod _ » 

240 = © —dd \* | | 
aa + 280 + e 27 dd 
a + e= 2 = | 


e 8 4. K. 


* Wh} 


aut 


— — — 


— — 


— 


108 


* 
4 * 


* 8 
geb: 


= 
11 
Part Il 
: * 
— 


Nueſtion 9. Lee 4 and x be given; To find the d 

— erde 140 E | 
Viz. 4 4 22 Quere et 
2— 13 F 2 =. VIZ, 4 0 44 — ee (4 + 


4 


11 3 . | 
3 & 2 9144 = 8 


xx — 2ddx -- d* 
6 © 2 [to] e == 1 

po , 4 : ' 
9-10 [11 — 2 


244 


— —— — — 


——— 


_ 


* 


Nueſfion 10. * 2 7 be given; Tof 
I 


2 


>. ow 


* 


— — 2 — — — — | 
Chap. 9. Of Numerical Queſtiong. 209 
421 1 ——— Vo = 2 . 
2 ＋45 9 a+ow=gp+ + =x 
| | 


3— 9 n 2 2 | | 


Fane" _ —_ 


— — cs 


Queſtlon 11. Lee p and z be gives ; To fad the Ref 
4 2 D = 518 
ob Sqn eee 4. e. c. 


I 

2 
I X 234. — 286 = 2p. 
2+3| 4 a4 + 208+ = x + 27 
13999 a+e=v%jFayp=s; 
1 54a. — 24e K ee = A 27 
6 27 a—e=;z—2w=d | 
. 8 2=vq+2p +Vi—2p 

Nie — Vi=3p 


$ — 7110 20 =; 2p — * — 27 
r 


10-—2 11 a= ——— 


—— 

9211 1205 2 r = ig"! 
Wb hd, 

ns ils N 


El 


n 


5 


Lueſtion 12. Le: p and x be given; To find the Reſt: 


11 p= 4134 | 
* 45 — —— = 46080 } Quere 6.4. Cc. 
18 2 


-- 


ance = fp 


” 
— 
— 


Ee 28 2 


210 Eon Algebra. Fo: Fart 11, 
2 & 2 4 | aads ae H. ere = xp. | 
3 & 413 44a e, = App 
4 + 3516 aaa + lace + ecce = ur I 4b 
0 —— IE = WES 
6 ww 2| 744 ＋ ee = v xx + 4p Ix 
4 +7 Ri 
8 Fo — — 
| * 44 v xx + 
9 210 = wv * — . — 457 7 
7 — 2 [11 zꝛce = — be . 
11 — 2 [12 2 b | ; 
47% : : -* 
12 W 2 13e = NV: mn | 
| + © fab Vaxampp  [v inrnagp=s 
$O-+ 13 A EAR = | = | . 
2 — — —ä ( —-„—-— 
1 | . V xx-+ —1 
123 1396: aN . LS * HH 1 
; 3 
9 + 1216 ag &= VET =c_ 0 p 
Th 4 
Ouetion 13. Having 2 and 4 given; To find the M 6 
a R 
Viz. FS 7 = 9= 9 WL a, e. © 
2 aa + ee = = 47232 
IX e|3]Ja=q”.. a 
3 & 2 [4 4a ge 
2 =—_4.1-$1.0 -$-— 9 
4 + 9gee-| 6. AWE: 2 
6 941] 7] ce = TED For 99+ in r= oe # * 
| jo. 
G8 « 7 - 


- | % 
„ 27 "Bar g 


9 X 10 13 ae =4/ — — = þ 


8 — 7 = a 


Queſtion 14. When q and x are given; To find the RI. 


re. | - 


I]—=q=9 


mm er Ke. 


— = 225 


2 

* 
4 Jes ; 

J = 
6, qqee = x -þ ee 
eee 


F E ' Hg IM 1 
* - 3 6 5 C _— * 
84 co = ——. 0 


Co—v ; a 6 | | 
off 3 it e Nene A 9120 D 
on HOT. * i daß, — * at ie n If Yet 
* e 
I 5 1 — 2 Y! 11 N g | Do. 


Be 2 10 — 11 


1312 9222 ih +; Res « HF Fas - 
PITS. 121 17 
— =p : 
10 Xx 11 | 14 4e - 299 +1 
| FF a ESL, 
8 - 9 15 aa ＋ ee = 7 — 1 


vnn 


Queſtion 15. ben * and x are given; To find the Re 


| 1 #1 + 0 = x = 47203, 1.7 
Viz. 4 2 44 — ee = x = 460809) Quere 4. e &, 
1 +2 | 3 248 = 7 + x 
3-2 as 3 

| 2 
1 — 2] $] 20 =7F—wX 
wh gs, 
Wee | EB oF 
4 ⁰ 2 N 2 : 
{—x | 
6 WW 2 8 —,— 1 MN 
3 
7171 815 4 1e 2 1 vy/ *.- = 
_ T 3 
1 4 Er 
11 f 
— XX 
A XA 
71 ＋ #1] "vi>x 4: +2 
"Theſe Fifteen Queſtions are propoſed in Docter Pelf's Mlgebr 


— 


and e are 


* 
2 5 


: 
. 
* 1 


. 
# 3 


r 


ut he purſues only the Queſtion rhroughour, Dre: 
f F Fourteen, wa. the Values — 1 call 


fonnd. Bur 1 have proceeded in every One of the 


Chap. 9. Of Mumerical "Queſtions, 213 
to find the Values of all the unknown Qu intities, becauſe they 
Afﬀerd ſuch Variety, as being well otſerved by a Learner, will 
be found very uſeful in the So/ution of moſt Queſtions. 

| Note, I have cheſe to uſe the ſame Numbers for the reſpeRtive 
Value of each Quantity throughout all the Queſtions, becauſe 
they will be more Sati factory in Nei the Work, than vari- 
ous Numbers would have been. Not but that any Numbers may 

be taken at Pleaſure, provided that the Number repreſented by a, 


be greater than that by e, &c. I have omitted the Numerical 
Calculation purely for the Learner to pract iſe on. | 


Quetion 16. There are two Numbers K the Sum of their 
$ I * 2368 ; And the Greater of them ij in Proportion to 
the Leß, As 6 To 1. What are thoſe Numbers? 


Let a=the Greater Number, e = the Leſſer, and & —=2368 


Hand | 4 EET by the Queſtion, 
a „ | 
3 & 2| 4| aa = 36ee 
I— 4] $5] ee=7x— 36e 
$7000] 6 37ee='7z 
6 — 37 7 cen 35 — | 7 4 
7 u 2 Nn 2444 e= 985 
| 37 Proof aa = 2304 
8 X T| 9| 6=64/I =48 1 
ee » ee rn 
„ee ©, * Cad g8: 86 


Queſtion 17. There are three Numbers in continued Propor- 
n, the Sum of the Extreames # 156, and the Means 72 : 
at are the two Extremes. 


That h), Supjoſe a.m.c. in : and m=72. 
Then 14 1a r $63.4. the Queſtion. 
i + 24642::m:e 4 LQuere a, e. & 
2 3 fee mm 1 t a” 

1 244% , 240 + ee r 

7 a 


125 


ö 
13 "ES Or 


FE""'P 7 "Tx w 4 —_ — 


rere 


Queſtion 18. There are W e in 2 their Sunil 
74, and the Sum of their Squares is 19243 bat are lf 


Numbers ? 
That n, a, e, „ are in 


= | 2 a tet =x= 1924 CQuere 4, e, 
TIE ER E; I. __* r 

3 41 ee 

1 — e IIZ +39=s—e 

2 — 64 ＋ y=x—ee 

4 X 2 7 ⁊ay = ee 

6 TIT[PSOPITο r =x-tee . 

5 & 2| 9| aa+29 +9 =#&— 25 -er 

B and 9 10 I ee 2 ee WK 

10 2 hu N | 

11 25 lr ot 1 — 4 6. 
122 [12 — = 

7 2 5 * 24 


eee 1 
N = 2506 
4:2: 40 = dee = 230 | | 
$a —290 +9 = 196 
MRNA 4 —4=4 196 88844 
[15. 24 = + 14= 


| a 2 321 | I-24 i= 18 
5 21 Ory 0 


| Note, In all' g. Inn. * About Continual' Pro als, eicher An, 
Arithmetical or Ge Queſt Sy J e — 8 the 
Mean is E found Firſt ( as above z): and if all che r. = 


Affirmative, then ti 
the Greateſt. . ee che Firſt, 2 0 Lait denn be 


2 

| 3 

a = | © Queſtion 6 
— 4 


175 


es 2 
Nueſtion 19. There are three . Numbers in g: their Sum 5 
763 And if the Sum of the Extreames be Air lied into Fol 


© Chap. . Of Numeriral;Queſtions., 27; 


1 


Mean, that Produtt will be 1248: What are thoſe Number, > 
a: e:: e257 | 


I | yp 
pie 3 2 eo 6+3=7 E766. by the Weſton: 
| 3] 4 +5e =p =1248) * * Rs . 

1 bes 4 ay = ee : 

2 Xe 5] ae-bee +ye=xe 

5 — 36e te —p 
6 — $0 | Ti gp a= 38 DP 
7 CO] Ble—gw-iu=zs —p 
8 wW2| 9 e — 1 =Vig—p | 

1 1 52. Per Theor 3. 

＋ 2 — 14 -V 282 - | :* Is. 15 
5h e Rs cs 24, Chap.s. of 
1 —I0 [11] a+ =52 9 
4 Xx 7112 4% —gee — 2304 
11 C 2 | 131 4a 24 +5 = 2704 : 
13—12 14% aa —= 249 += 400 Y 
14% 2 [15 - =v400 20 A 
11415 [6 22 =52-+20 = 72 | : q 
16--:-21497] 4 = 36 * Or ik 9 
N. B. If you take e = A TV —p =52 (at the 6 
oth Step) Then it will be 76 — 52= 24=a-+y, which 1 


jmpeſſivle, viz. that the Mean ſnou d be Greater than the Sum 


df the two Extreames. 
Therefore ir muſt be e = - ﬆ — p = 24. SeePaye 7. 


2 


— 4 
Y 7 
* or d 
— -w- 
on 3 I's 
* by 


- /-—- 


Queſtion 20. There are three Numbers in Arithmetical Pro- 
reſſon, the Firſt being Added to twice the Second, and three times 
Third, their Sum will be 62 And the Sum of all their Squares 
275: What are theſe Numbers? | | 


—j Suppoſe | 1]a, e, „ in Arithmetical Progreſſion. 
2| 4 ＋ 2e + 35 = 62 . 
And 4 2| as + wy = 0+ by the Queſtion. 
Then 4 π e Per Sect. 1. Chap.6. 
+ —4 13] 8+ = 
3 2 76 = 31 — 
6 28 715 =31 — ze 4 = 1 
27e 31 | $0.3 


. 


216 Algebza. 


8 @& 2 944 = 16ee— 248 ＋ 961 
7 g 210% = 961 — 124e-þ 4ee 
9 -|- 10 [11] aa + yy = 2bee — 372e -|- 1922 


3— 11 [12] ce = 372e — 200e — 16477 
12 - 20ee | 13| 210 = 372e — 1647 
13 — 372e | 14] zee — 3720 = — 1647 
14 — 21 [15] ee — Se = — 32 | 
15 CO [16] — ite 4it= 1 =; 
17 % 7e — „ = = The Mean, 
17+% [i8[ e= 4* E IAN Or 85 
18 X 419 4e 2 36 Or 85 
8, 1920 4236 — 31 23 Or 344 — 312 
18 X 2 21] 2e=138 Or 17+ 
7, 21 022 1 —18=13 Or 31 — 174 = 13} 


— 


Queſtion 21. There are three Numbers in Arithmetical Progr. 
fion ; The Square of the Firſt Term being added to the Produ. 
the other Two n 576; the Square, of the Mean being added to th 


Product of the two Extreames, makes 612 ; And the Square of th 8 
Ia Term being added to the Produtt of the Firft into the San * 


1 792 : What are thoſe Numbers d 


Suppoſe | 114, e, y In Arith, Progreſ. As before. 
2| aa gie 2 576 
Then 3 34e 34 = 242 By the Queſtion. 
4] A Ae = 792 
3] 4 49 =2e APerSea. 1 Chap. 6. 
6] ae -|-ye = 2ee 
7] 4a -+ ye -+ A ae = 1368 
8] aa ＋- = 1368 — zee 
9] 94 = 6I2 — ee 
10 ha = 1224 — 2ee 
1144 + 254 -|- yy = 2592 — gee 
5 I2]| 44 -|- 294 + yy =4ce 
11, 12 [13] 4e = 2592 — gce 
14 
15 
16 
17 
18 


Bee = 2592 
ee = 324 
e=4/324=18 The Mean: 
aa -|- yy = 1368 — zce = 720 
294 = 1224 — 2ee = 576 _ 
17—18 19 — h - = 720 — 576 = 144 


* 


Ih 
_ 


% 


1115 — 


Chap. 9. Or Numerical Queſtiong. 


* # 
— 
* 


1 Wu 2 20 a—=/114=12 

5 + 20 [21 | 24==2e-|-12 48 £ 

21 ＋ 2224 5524 © Or + 1 12 
22 W 24 12 24 


Aueſtion 22. 'Ts re quired to find two y 7; Numbers, that its 


And 5, | 


Or ler 
10 0 2 


Then 


21 


Sum of their Squares may be 82261; And their Product being 
Added to the Square of the Leſſer, may be 69213 4. 


aa | ee = 82263 2 
ae -L. er = 69211 Quere « and e 


44 — ae = 1305 © 


ae = 44 — 1305 


44 — 1305 
4 
— 2610 ＋ 1703025 
aa | 


e 


e — 


1 = 8226,53 — 42 
47 — * 
| CI 123025, 226,3 —aa 
— 261044-|- 1703025 = 8226,5 — a+ 
7 i — 2610 + 1703025 = $226,544 
| 24} — 10836,544 = — 1703025 
a* — 5418,254a4 = — 8552,75 (765 
\a*—$418,2540-j-7339358,26562=—=6487845, 
44 —2709,125=4/ 6487845,765625 =2547, 
aa = 2709,125 ＋ 2547,125 (125 
4 = 2709, 125 ＋ 2547,12 = 5256, 28 


| 4 =4y/ $256,25 =72,5 


aa -\- T395. (5250, 25— 13035 


e — D — — 
a 42 1 72,5 

aa = 2709,125 — 2547,25 = 162 

a =/162 = 12,72 &C. | 


54,5 


— — 


— on Which i is poi ible, 


e —= 
LY | — 


12 244 FAs at they 17 pc 48rh Stops 


Therefore | 
And ] 


Re 


Pr 4 RP ** 


This Quieſtion ky" be perform'd with /ef Trouble, by Salſtiz 


ting Letters for the known Numbers. 


Fiz, 45 I ee 7 3 —7 — 4 = 4 — ae, 80. 


1701 11177 


ae . ee = Þ 


— 


Que- 


— — —— — * 


Algeba. Part fi 


and}, Third , being Multiplied with the Second, may be 52456, 


Queltion 23. It * required to find Three ſuch Numbers, ty 
the Sum of the Firſt and Second, being Multiplied with the Thin 
may be 37824; And the Sum of the Second and Third, Multiplie 
wit the: Firſt, may le 59944; Alſo, that the Sum ef the Fir 


Let 4, e, y repreſent the three Numbers. 


cliff og =37824=6 
Then 2 ca -|- ya = 59944 =c Quere 4, e, 
< | 3] ae-- ye = 52456 = d- | 
1-| 2+ 3475 206 -|- 20) + he =b A - d 
Ler $g|3z=b--e-hd - DC. 
3 | ; b 1 
9 ae ＋ ay ++ ye 13 = 1 . 
6 — 317 2 — d 
7 48 2 2 a 
6 — 2 | 9] E 27 — e 
1 — 2b 


6 — 1 hof ae = 21 — 5 2 


e 
„ IDS 0=25 il EY 
1 I „ 
| 12 113] — 2 — 2d; — 2bz ＋ 4d 
5 *. IT 3] —— = = 245 —_— 474 
>> T3 X 44a 114 ae — den = 235 2d Tad, + 46d 
. 4.1 DS == 24-2 + 46,0 

# — — tas = 6 
45 15] 44 * | 5569 


13 u 2 |16 a =/ $3696 = 236 


24 
- Queſtſon 24. II required to find. Two ſuch Numbers, ff 2 -- 
their Sum being ſubſtratted from the Sum of their Squares, i 3 — 
leave 14. And if; their Product be Added to their, Sum, it ll 4, 
mike 14. | * | y 0 \ - FI — 7 o q Fr 5: 5. un ET 7 a 
Let a and e be put for the Numbers, and let Y = 4+ "i 
Then If aa ＋ ce —y'= 14) re 
n EZ Ne, 6 


— + . 


— wt Da Di... i ith. * mY 
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—_—— _—_— a__ FY — 2 i — —_— 


+ 351 3] 44 See = 14 A5 

— 2 44 de = 14 — 75 

R 1 IÞ © 24e = 28 — 2y 

+ 5644 ＋ 2c] ee = 42-5 

w 272 = N 8 
Bur | 8] 4 br =y By Subſtitution above. 


+ 7 v.] <= 5 

9 @ 2042 —3 
10 yy ＋ = 42 
11 CO rz +3 +4 = 42 +4 = 42,25. 
12% 2113] 3 +7 =4/ 42,25 = 6,5 | 
13 — 24 S 6,3 — 22286 i 
onſequent.ſ 15 a+ e = 6 By Reſtitution from above. 
3, 14 Ji6Þaa+e=14-+6= 20 
„ 15/97 240 =28 — 12 = 16 
16—17 [18] a4 — 200 + ee = 4 
18 W2 19 e 1 

2M 1 a= nd e 2 2 

19.77 191997 2956 Then 2s + 64 bl 
23 ＋ 2121] 4 24 Proof And ae E 4 Ee 4 


As kate SAR oe 2s According to the Queſtion. 


CC 


_— 


Queſtion 25. Three Men diſcourſing of their Money, faith the 
rſt, if 1001. were Added to my Money, it would be as much as 
rh your Money put together; ſaid the Second Man, if 100 l. 
ere Added to my Money, I. ſhould have twice as much as both you 
ve; ſaith the Third Man, if 100 l. were Added to my Money 
ſhould then have three Times as much Money as both you have: 
low much Money had each Man ? | 
Ler a repreſent the Firſt Man's Money, e the Second, 
d 5 the Third, 


I a +10 Set) 9. a: & T7 7 
Then þ 2| e -|- 100 = 24a -+ J by the Queſtion. 

3] 100 = 387 30 + EEK; 
F e =o loo = 
2 — 941 34 4- 9 —e e Queie 4, e, 9 
3 — y| 6] 3a + 3e — y =1o00=sc.. 
45 6 [7er — 422 34 —＋E 3e — y 

2 Jil} 23 = 44 1-20 

j— 8|g9]22—e=s=— 4a — 22 

lo] 644 e=s$s= 100 

1] [124 =|- 4e 2 2 = 3060 


Ef 2 [® x 


to—64|15| e=5 64 = 100 r = 7 ul 


Agens. Fan 


10 x 4 12244 422 0 * 400 
12— 11 [13 224 = 25 = 200 


— 1 A 


a F This), = 20 4-6 = 22 + Y2=48 = 636 


— — ” — 


Third 631. 12s , 844 


Queſtion 26. Three Men have each ſuch a Sum. of Mong, 
that if the firſt and ſecond Mens Money, be Added to half of wha 
the Third Man hath ; that Sum will be 921. And if the ſecond au 
Third Mens Money, be Added to one Third Part of the firſt Mani F 
Money, that Sum will be 921. Laſtly, if one fourth part of theſ Wil © © 
cond Man's Money, be Added to the firſt and Third Mens Moy, 
that Sum will a'ſo be 921. How much was each Man's Mone). 

Put 4 for the firſt Man's Money, e for rhe ſecond, And 
for the Third, 


Firſt ol . 1s .. 92 
Anſwer. The Seen Man had 122 9 . 124 


* Mt —_— 


1 ä 
lte. | 
Then 4 2| ja+e-1- » Zong eget Ants =» ; 
rn 4 3 
1, 22] 4|4+e+H =44 eb 7 
4 —e| 5] 4+ Aa 8 
3x . 6 6a + Þ 2 
F 3 
2 Xx 388 ＋ 36e - Þ = 3s 
82715 a -|- 3e = 31 — 44 9 
9 — & j10| Je = 35 — $8 
| . 11 
1 ii * 2 
3 K 7 12 . 45 = 368 & 
12 — 2 [13] 334 + 3y = 35 = 276 4 
13, 214 334 ＋fE 44 = 35 = 276 
14 Xx 23 [15] 114-+ 124 = 98 = 828 13 
4 
15 *-23 [16] a = 3 = ba = 36/, The 1/? Man's Mon; ke 
I 
| $ — 54 
11 [17 e =? : = £ =321. The 2d Man's Mone] oy 
3 4 a , b | 
7 — 2 18 1 wh — 48/. The 3d Man's Moni] by 


. 1 ge 


All 
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Nueſtion 27. Four Men walking abroad found a Purſe of $hil. 
lings only, out of which every one took a Number at an Adventure; 
afterwards by comparing their Numbers together they found ; that 
if the furſt took, 25 Shillings from the ſecond, it would make hu 
Number equal with what the ſecond had then Left. If the ſecond 
took 30 Shillings from the Third, his Money would then be Tri ple 
to what the Third bad Left. And if the Third took 40 Shillings 
from the Fourth, hu Money would then be double to what the Fourth 
had Left. Laſtly, The Fourth taking 50 Shillings from the Firſt, 
he would then have three times as much as the firſt had Left, 
and 5 Shillings more, | 

Tis required to tell how many Shillings each Man had. 
a ” for the firſt Sum, e the ſecond, » the third, and u the 

ourth. | | 


| 4+ 25=0 — 25 


Then x x 6 - wer ue Fs * d By the Queſtion, 


u-+ 50 = 34— 145 


3 

4 

314 ＋ 5o S e 
62 — I20 De 

7] 4 | 50 = 3 — 120 

84 -+ 170 = 3y | 

9 a — 170 


J = — 


3 
106% = 24 — 120 


a -1- 170 


3 — 
— a 
— n 
- — © 2K ˙ — <0 - + #7, ae 


8 
» 
bod 
| 
w 
| 
4. 
1 
— 
wv 
O 
[| 
| 
5 5 
wil 
WA 
E 
— 


P _ — — — - 
1 — — SM. 2 . — — = — — 
n * 3 * . : 
\ n — —ͤ— — - > 4 i 
— — * 2 2 TY & = "+ FIT — _- 7 2 1 Wa . 3 - _ ” 
— — — Pe on ons - N r. e = 
— — —— 5 „ — = q . o = — 4 
2 - — > — = = _ g \ : 
- o —_—— — - - 


14]|u= 34 — 195 

a -|- 530 

15| 34—195= _— 

| 15 | 184 — 1170 = 04 -+ 530 
17| 17a = 1700 | 
18 86100 The 15 

19e n 150 Second NT OM: 
20 % = 9 bird Man's Ns. of Shillings. 


21] 2 105 - Fourth 


— 
hs — — 
— X — 20 * I —ů — 3 
* * bu = 
- I = > A E 
2 
= 4 
= — —— — — 3 


— — —̃ — 7 — D 2 4 -; - 

by — — — * _——— — 2. 

. I EEFIETET 
— 


2 
— 


2. 


* 3X £ 8 7 1 1 2 
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Aigebzaa. Fart II. 


Queſtion 28. Four Men have each a Sum of Money, which 


being put all together makes 250 Pounds. And if to the firſt Man: 
Money be added 8 Pounds, it will be juſt as much as the ſecond 
Man's Money decreaſed by 8 Pounds, and as much as 8 times the 

oney, and but as much as one Eight part of the fourth 
Man's Money; How much had each Man ? © | N 
Let 4, e, „, « repreſent the Four Mens Money. 


third Man's M 


- 


| | a -|- ey + gy ==. by the Queſtion, 1 
2\a+b=e—b Ler 5 = 250and b=g 
Then N Or any other Num. 
3 = 4 --b ber ar Pleaſure, 
2 —- b 41 4a + 2b =e | 
Tay: 10 4 ＋ ; | | 
3 - b| 5|y — Becauſe yb=a-+6b 
3 x b| 6] uy =ba-|- bb For I =4-|-b 5 
| | RE -|- b | 
49458867 e HEA 4 26 -+ 2 A ba +(þ 3 
3 418 e YT ＋ — 2 | 72 3 , 
Ty 8 | 9] a-|-2b+ EXE + ba + bb=$s 4 | 
9 5 510 4 2bb -- a + b + bbs 4- bbb = bs — bi 
10 — 11 e 
1 — — 2bb —b 
n JI a= = ab E 6,6917338 &, 
by the 4, |13 = +--@# = 32,691358 &c. 
by the 5, 14% = —— 23, 086419 &c. 
' | 1 
by the 6 [15 / = ba + bb = 197,530864 Kc. _ 77; 


1 


Gt uy uy © 


l. „ 


a= 16 13. 9,9259 
That is 5 = 32. 13 9,92 59% 


= 2... 5. 
Cuv=197 . 10 . 7,4973 


Conſequently a e +» -- 4= 249 . 19 . 11,9990 5, 
which ſhould be juſt 250/. the Sum propoſed in the Queſtion. h 
Now what it wants of that Sum, proceeds from the Imper 3 
fection of the Decimal Parts being not Continued on to mo 
Places, which would have brought ir nearer the Truth, tho 
not perhaps Exactly ſo, Vide Sett. 5. Chap. 3. Part 1. 


Nu! 
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Queſtion 29. Several Merchants enter into Partnerſhip, every 
one Put into the Stock 65 Times as many Pounds as there were 
Partners; with th Stock they Traded, and gaind as man 7 
Pounds, per 1ool. as there were Partners. Now if 10l. 10s. be 
Added to, and fubflratted from their Gain, the Product of that 
Sum and Difference will be 64911. 6s. 3d. 

Quere, How many Merchants there were, Ge. 


Let] r 4= The Number of Merchants. 
IX 65 2654 = Every one's Sum he put into Stock, 
2 x'a | 3 65a = The whole Stock. ; 


SERIES 654 FE 
And | 4] 100.2 4 :: 6% = by the Queſtion, 


— 


Viz. | 3] — = The whole Gain. 
100 
Pow Fs 65a | 
5 * NPI | 6 HA A * 
| ESTI 
| "El 100 3 | | : 
| 42254 at by the 
6 +2 | 8 5 119,25=6491,31259 gp. 
$X 10000 | 9] 422545 — 1102500 = 64913125 
3 + 110 422545 = 66015625 


| 6601562 | 
4225 


11 % 6 |12] a =4/15625 = 5 The Number of Merchants 
12 X 65 [13] 654=325 The N?. of Pounds each put in 


0 


Quellion. 30. Three Merchants joyn Stocks together; the 
Firſt Man's Stock was leſs than the Second Man's by 131. The Se- 
ond and Third Man's Stock was 1751, in Trading they gain 480. 
nore than their whole Stock was ; the Firſt Man's profortion.il Part 
the Gain was 78. What was each Man's Stock, and part of 
be Gain ? 
Let 4, e, »y repreſent each Man's Stock. 
[aer == The whole Stock. 
48 The whole Gain. 


„Grain = Nn TI 
e += 21 e 


a be -- == 175 4 
| g 175 #14 . 


"Ox wn 2 0 bo = 


Agebza. 


10 C0 
Li 2 
12 — 0945 
3, 

— 1 
3K "Then 
Again 


2 
8 

„ 
9 — 784 fl 


| 


111 
12 
13 
14 
1517 
18 
17 


Part II 


348 = 223 + 4 | 
175 + ; 223 +4 :: 4: 78 Per Quel: 
aa . 2234 = 78a + 13650 
aa E 1414 = 13650 | 
aa -|- 1454 + $256,25 = 1896,23 
a + 72,5 18906, 25 = 137,3 
4 = 137,35 — 72,5 65 
e 4 3 | 
= 97” - | 
& > 78 :: 78: ot = 124. = es + Gain 
65 : 78 :: 97: 1161 . Bs. =y's Gain 


5 18 1161. 8s. + 931. 125. -}- 78. = 288/The Gain, 
Proof I ih | 65 + 78 + 97 = 240 The whole Sta, 
5 —.—24.— = 48 The Gain — 


Irn 


20 


Queſtion 31. 4 Father at bs Death left bs Three Son's al bi 
Money in this manner; To the Eldeſt he gave Haif of it, wanting 
44 Pounds ; Ia the Second he gave one Third of it, and 14 Pound: 
more; To the Youngeſt he gave the Remainder, which was let tha 
the Share of tbe Second 905 by $2 Pounds 3 ; What Was each Sen. 


Share? 
the whole Sun 


- Ler 4, *,9 be the Three Shares, and 42 


a be 558 
a= 57 — 44 


Id 


poor 47 ＋ 37 — 588 
9 z 588 The whole Sum that was le. 


15 4 41121 — 44 = 250 The El. Son's Sbart, 
11 Þe= $$8.4-14 =210. The Second Son's, R 
125 4334 +14 — $2= 1 28 ThyThoggh 


Dueition 32. 


A Man Playing at Hazard or Dice ge 
Firit Thi ow jult. ſo e 


much Money as he had in his Packet ; abe 
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Second Throw he won the Square Root of what he then had, and ſive 
Shillings more ; the Third Throw he won the Square of all he then 


had ; after which by whole Sum was 1 121. 16s, 


What Moneys 


had he when he began to Play ? 


Suppoſe | 
1 X 2 


And 
4&2 
4 +51 


I 
2 
3 
2 + 314 
5 
6 


a= His Firſt Sum! Then 
24 = His Sum after the Firſt Throw. 
$ +4 24 The Winnings at the ſecond Throw: 
24 +5 +4/ 24 The Sum after the 24 Throw. 
444 ＋E 224 + 25 +444/24: Ie Z= The 
Winnings at the Third Throw; And therefore 


Viz. let 


Then | 3| 
24+ 314 


4 451.6 


4025 


1 


244 = The Fir## Sum: 

448 = The Sum after the Firft | = 

24 - 5 = The Sum won ar the Second Throw: 

444 — 24 1 —= His Sum after the 24 Throw, 

164 + 1643 + ＋ 204 + 25, he 
Minings at the Third Throw; Ani therefore 

.. 1 + 4864+ 224 +30 = 2256 Shil: 


Ler 


[12| 44 ＋ 4 42 


Vet again, to, avoid theſe * Equations, * us make a 
Third Suppoſition ; ; Rand : 


7 == The Firſt Sum. 


as = The Sum after the Firſt Throw, 
4-5 = The Winnings at the 2d Throw, 
aa + a +5 = The Sum after the 2d Throw; © 
E= 44 + 4 + 5 

ce = The V 8 s at the · 3d Throw. 
ee e = 2256 dShillings by the Queſtion. 
ee ++ e-|- 0,25 = 2236, 25 

e + 0,5 2236,23 = 47,5 

Io|e 247 

1114 +4+5=47 


ww Ou own pp w Ht =» 


aa oo 4a + 0,25 = . 
4 + 9,5 e = 6. 
16 

as = 236 

48 _ 16 — The Shil. he had in his Pock- 
"he = . when he began to Play. 


Note, 


444 . 24 . +444/24+11 * 2 22216 Chill. 


But to avoid theſe Surd Quantities, let * — of u off 
42 n make a Second Ty 17 ing 


Ws 
1 X 21 2 


Then 


» oS 


N > — 


„ £ 


- —— — — 
1 


— 


* — 
CEQ OS * * _— , 
. —— eo. moe 
— 9 


—— — - 
. my 4 - 
"3%, SS * e — 
— 2 * Peres * »- Sep; » y—_ 
= 4 - \ 6 
— : * CY = 


. 
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— 2 
- - 


— 
Cr, 
\ 4 


23 - a 


5 
9 
7 
9 2 
4 
RK" 
, 
=. 
11 
: |». 
\ 5 " 
q: * 

j 
U 


1 
. 
5 
: 
: 
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to ſhew the Young Learner, how well he ought to confider the 


Fart I, 
Note, In Reſolving of this Queſtion, I have made Three dif. 
ferent Suppoſirions for the Thing ſoughr ; purely as an Inſtance 


Nature ofthe Queſtion, when he firſt Stares it, and make choice 
of repreſenting the Thing ſought, So, as to avoid running it in. 
to Surds if poſſible, viz. As in the firſt Suppoſition of a =the 
firft Sum, &c, Not but that ſuch Æquations may be ſolved, 
as ſhall be ſhewed in the next Chapter. However, it is moſt 
like an Artiſt to perform things of this Nature the Neareft an 
ea ſt way they can be done. . 

Nucſtfon 33. Suppoſe there were Two equal Circles, whoſe Pe. 
ripheries (viz, Circumferences) are divided into 44310 equi 
Parts; and that thoſe Circles were ſo placed upon one Ax, « n 


Move the contrary way to each other; And ſuppoſe one of them n , 

Move, but one of thoſe equal Parts the firſt Day, Two Parts the ſe L 

cond Day, Three Parts the third Day, and ſo on in Arithmetich Pn L 

greſſion, viz. 1. 2. 3. 4. 5, &c. And the other to Move every Dy [ 

the Cubes of thoſe Parts, viz. 1. 8. 27. 64. 125, &c. of th T 
Same Parts. How many Parts, and how many Dayes muſt eu 

Citcle Move, before the ſane Two Points meet that were togethn : 

when they began to Move ? | t 

In order to give a ready Solution to this Queſtion (or any oth Q 

in thr kjnd) it will be convenient to premiſe this Lemma. 4 

Lemma, 7 

The Sum of any Series of Cubes, whoſe Roots are in Ar. th: 

metick Progreſſion (the firſt Term, and common difference being Un- th 
zy or 1) is equal to the Square of the Sum of all thoſe Row: 

As in theſe | | 

Terms in Arith, &c. Their Cubes 8 

? 

i 1 Thi 

2 8 M. 

3 27 Poy 

4 64 1 

5 125 ; * 

6 216 + &c, | , = 

Sum 21 X20 = 441 Sum of cheir Cale, | 

Let | 1| a= TheSam of all the Parts the 1ſtCircle mon The 

Then \ 2| aa= The Sum of all the Parts the 2d mode And 


Conſequen. 3 44 + 4 = 44310 By the Queſt. (per ” 
| aa + # + 0,25 = 44310,25 


- * 
4. ** 88S „ ty 3 
4 

o * 


1 __ * » 
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4 W'2| 5| a+ 0,5 =4/44310,25 = 210,5 

SE,» bo CRE the Number of Parts the Firſt Circle 

$5” 85 4010 7 209 r . 

6 9 2 | The Number of Parts the Second 
2 2 Circle Moves. 


Next to find the Number of Days they Moved, There is 
given, the Firft Term i, the common Diffeaence = 1, 
And the Sum of all the Terms = 210, thence to find the 
La# Term, which in this Caſe is the ſame with rhe Num- 
ber of all the Terms. . * e 
Let a=1 the Firſt Term, e = 1 the common Diffe- 
rence, And 5 =210 the Sum of all the Terms, To find 
y = the La Term, As per Sect. 1. Chap. 6. | 
Then . 21 ＋ A — ae by the 16th Step Page 186. 
That is, HT =210 Xx 2 = 420 Kc, 

Hence 5 = 26 the Number of Days required. 


7 aa = 44100 


ö 


hs I” 


I ſhall now proceed to give an Example or Two of the Me- 
thod uſed in Arguing about Unlimited Queſtions , viz. ſuch 
Queſtions which admit of various Anſwers, ſuch as thoſe in 
Alligation Alternate, promiſed in Page 117. 

In order ro ſhorren that Work, it will be convenient for the 
Learner to know the Two Signs of Compariſon > And S. 
The Sign > is of Gzeater than, As b > 4 A es 
that 6 is Greater than a, The Sig» < is of Teller 
than. As b d ſignifies that þb is Leſſer than d. & c. 


Example. bs 


Queſtion 33. 4 Tobacconiſt hath Three Sorts of Tobacco, Viz? 
one of 21. 8d. , the Pound, another of - 20d, the Pound, and a 
Third Sart of 16d. the Pound; of theſe be would make 4 
Mixture to contain 56 Pound that may be Sold for 22d. the 
Found: How much of each Sort may he take ? 


Let a =" the Quantity of that Worth 32 Pence the Pound, | 
e= tharof 20 Pence the Pound, And y= that of 16 
Pence the Pound; * 


Then a +e = 56 


An n ( tiplied into its own Price, 
1 328 Kae E164 = 1232 


Eqauls their Sum Multi- 
plied into the Mean Price. 


* 


; viz, each Quantity' Mul: 


# F232 2 
£4 wiy 
5 


This 


* 
2 8 — * 


22 
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— 


This Queſtion being thus Stated, it appears by Rule 1, 
Page 176. that it is capable of Innumerable Anſwers ; becauſe 
for any one of theſe Three Letters a . e. y there may be 
taken any Number at Pleaſure, provided it be L, than 36 
But altho that may be truly done, yet there are ſeveral ways 
of Arguing about theſe ſort of Queſtions, which will Limit ot 
Bound them to all their proper or poſſible Anſwers in whole Num. 


bers, Thus. 


324 + 20e + 165 = 1232 


— Ce” 


ey 56 —4 | 
208 -+ 165 = 1232 — 324 
16e + 165 = $896 — 164 
4e = 336 — 164 48; | 
| e= $84 — 44 Hence 4 <#S=1 
| 583. — 28 Hence a> #f =q 


* 
X 
8 

„ Aer s 


382 71 


From the Two Laſt Steps it appears, that the Quantity ſignified 
by 2, ought to be Leſthan 21, and Greater than 93; 
Thar is, any Number berwixt 9% and 21, may be taken 
for the Value of a. Conſequently there may be Eleven Anſwer 
to this Queſtion in Whole Numbers. | 


Suppole a =10 Then e = $4 — 40 = 44 Per Ich Step 
+ of pod =2 Per 8th Steßp. | ; 
Again, if 4=11 Then e = $4 — 44 = 46 Per th Step, 
And y=33—28=5 Per 8th Step. And ſo on for the 
Ref, which will be as in the following Table. 


— — — — — 


i x 57 85 


Len ee ELIE eee 5 57 1 

11044 21428 14 |] 18 | 12 | 26]. 

ſir [q4o| 5f[i5 lg mm [rg] $8 | 2g] 
12 | 36 | 8 || 16 | 20 | 20 | 20 | 4 | 32 

I 13 | 32 | 11 17 16 23 8 


Thus ir will be eafie to find out and Collect all the Limited 
Anſwers to any Queſtion (of thi kind) wherein there are only 
Three Quantities proposd to be Mix'd: But when there are 
More than Three, then the Work requires a little more Trou- 
ble; becauſe the Jingle Limits of all the Quantities above Two, 

wuft. be found. That is, if there are Four Quantities con- 
cern'd in the Queſtion, the Limits of Two of them muſt be 


found 5 It Five Quantities are concern d, then the Limits 


* 
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Three of them muſt be found, &c. As in the following 
Queſtion, | | 


Nueſtion 34. Suppoſe it were required to Mix Four Sorts 
f Wines together; viz. one Sort worth 7s. 4d. the Gallon ; 
mother Sort worth 4s. 7d. the Gallon ; a Third Sort worth 35. 8d. 
he Gallon ; And a Fourth Sort worth 25. 9d. the Gallon ; How 
uch of each Sort may be taken to make a Mixture of 63 Gallons, 


b 4 that the whole Quantity may be Sold for 55. 6d, the Gallon ; 


Firſt let all theſe ſeveral Rates, and the Mean Rate, be 


Reduced ro one Denomination, viz. into Pence. 

73 . 44 = . V . 9d = 155d 3 
* 31. 8d 444. 25 . 9d = 354 And 55. 64= 664 
Then put 2 = the Quantity of that North 88d the 


dalon; e = that of 55d the Galon; y = that of 44d 
e Gallen; And u that of 33d the Gallon. 


Then | IIa -e +53 +# = 63 By the Queſtion. 
And | 2| 88a ＋ 55e -E 44y + 33 = 4158 = 63 x 66 
— -4] 3] e +yJ +u=63—8 
— 884 | 4] 55e + 4% -+ 33 = 4158 — 884 
* 338 5] 33* + 3 ＋ 33% = 2079 — 334 
| — 5| 6]22e + 11y = 2079 — 554 - 
[I] 2e-þy=189 —54 Hence 4 <:I32 = 99$ 
. * 558356 ＋ 39 + $34 = 3465 — 554 
| — 4| 9] 119 + 220 = 334 — 693 8 
| = It 10 ) + 28 = 234 — 63 Hence a > = 21 


From the th and 1oth Steps it appears, that the Quantiry = 
chat Sort of Niue denoted by 4, muſt be Leſi than 377 
pallons, and Greater than 21 Gallons : That is, it may be 
= any Number of Gallons berwixr 21 and 377. Whence 
follows, that there may be Collected 16 Anſwers to this 
weſtion from the Limits of a onl ri 


Next to find the Limits of e, 3, and 1 ; 


poſe [11] a =22 Then will 5a = 110. And 3a= 6 
Bur [12] 20 +5 = 189 — 54 = 79 Per 7th Step. 
2 — 20 [13] = 79 — 1 Hence e <2 = 39; 
Again IA e+y +#= 63—4=4l Per Third Step 
Ee > HT 2 get 
j—13)16\4.= e—38- > Hence e> 33 . 


From 


» 3 


— 
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From the 13th and 16th Steps it appears, that if «= 1 
Then e = 39. } = 79 —2e=1., And «=e—28=1, 
Again. | 


Suppoſe | 17|4=23 Then $4= 115.. And 34 = 
Bur [18] 2e+ 189 — 54 = 74 Per ich Step. 
13 — 20 [19] / 74 —2e Hence e Z#= 37 
Again |20| e +5 +u= 63 —4 =4s Per 3d Step. 
y+ u = 40 — e 
| u =e— 34 Hence e>34 


21 
21 — 19 [22 


From the 19th and 22th Steps it appears, that if 4 1 
Then e may be either 35 Or 36. | 


Once more for a further Illuſtration. . 


Let [23| 4 =24 Then 5a=120, And 34 g 
Bur |24| 2e +93 = 189 — 34 = 69 Per 7th Step. 
24 — 2e | 25] y = 69 — z Hence e< = 34+ 
Again |26] e+y 63 — a= 39 Per 3d Step. 
26 — e [27] „ +#u=39—e +, 
27—25 [28 u=e—3o Hence e > 30 


From hence it appears, that if a—=24, Then e my 
be either 31 . 32 . 33. Or 34. viz. it may be 
Number berwijxt 30 and 344 by the 25th, and 1 
— Values of y and 1 may eaſily 


e233. Jy = . 

28834. 5 1 4 47 

Proceeding on in this Manner with all the orher ſingle Vale, 

of 4, there may be found above 120 Anſwers ro this Que 0 
ſtion in whole Numbers : And if you pleaſe to put a= Þ * i 
Hons, there may be found an Innumerable Set of Anſwer of: 
Whereas the Rule of Alligation in Vulgar Arithmetick aſſoll 4 
bur only one Anſwer in Fractions; ro wit, that of 4 = 31} K 


e of. = 10 fl. 4 2 10%. As may be eaſily try 
per Rule Page 115, &c. ; | N. 
Theſe Two Examples being well underſtood ( eſpecialy Witeir 
the Laft be thorowly purſu'd) may ſuffice: ro ſhew the Me"WP ac. 

of Limitting the Anſwers to all Sorts of Queſtions of this kind 
I ſhall therefore conclude this Chapter of Queſtions, with f I 
ving a Solution to the Enigina (or Riddle ) Propoſed (# 
. Nt 


LY 


— — 


» 
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not Anſwered) by Mr. John Kerſey, in the Cloſe of the Appen- 
dix to his Arithmetick, which affords ſeveral pretty Queſtions, 
the Solution whereof - will diſcover a certain Sentence conſiſting 
of Three Words, which muſt be found by the Help of Figures 
placed (or ſuppoſed to be paced) over the Twenty Four Letters 
of the Alphabet. 


Thus Fs 2.3. 4 5 6 7 7 . &c. Called Indices, 


a.b,c . d. e . g . Kc. tothe Laſt Lerrer. 
So that if the Index of any Letter be once found, the Lerter 
to which ir belongs is Conſequently known. 


1. If the Difference between the Indices of the Second Ler- 
ter of the Second Word; And the Third Letter of the Firit 
Word, be Multiplied into the Difference of their Squares, the 
Product will be 576. And if their Sum be Multiplied into 
the Sum of their Squares, that Product will be 2336, The 
Index of the ſaid Third Letter being rhe Greateſt. 


| 1| a = The Greater Index, or that of the 3d Letter. 
2 | e= The Leſſer, or that of the Second Letter. 


4 — e X 44 — ee = 576 


F I By the Queſtion. 


——̃ —ͤ—ê 


3 

4 

51444 — age — ee eee = 376 

6 a4 + ane E ee ere = 2336 

7 24 ae -+ 2 dee — 1760 

8 aaa + 3aae E 3aee + ere = 4096 

9] a-+ e=4/4096 = 16 
3 213% 146 

lol aa ee = „ = 14 

11| 4a + 24e + ee = 256 

I2 24e = 110 

13} a4 — 24e -- ee = 36 

1442 — e = 4/36 = 6 : 

15 24 = 227 (From hence it appears, that. th 

16142 ner Letter of the 1ſt Word , and 

71 1 the 2d Letter of the 2d Words e. 


Note, In order to ſet down the Letters ( as they become found) in 
leir proper Places, it may be Convenient to ſupply the vacant 
"IF laces with Stars. | $ 
u Firſt Word Second Word Third Word. 
i 1 ** eU * * * u. 


2. The 


— — 


Lim | N . 
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2. The Indices laſt found, are the Two Extreames of Fon 
Numbers in Arithmetical Progreſſion , the Leſſer Mean be 
the Index of the Firſt Letter of the Third Word ; And dg 
Greater Mean is the Index of the Fourth and Laſt Letter of the 
F irſt Word. | 
Viz. 5.74.9. 11 are the Four Terms in Aritb. Progreſin; 
Whence it- ap that G (whoſe Index is 7) is the Fig 
Letter of the Third Word; and that i (whoſe Index ig 
is the Fourth or Laſt Letter of the Firſt Word; which bein 
placed down, will ſtand chus, 121i. ess G41 


3. The Second Letter of the Third Word, is the ſame wit 
the Third Letter of the Firſt Word; And the Fifth Letter a 
1 Word, is the ſame with the Laſt Letter of the h 

Ord. | 5 35 y 
Whence the Letters will ſtand thus, 2 1. "TY" *. Glu 


4. The Sum of the 1 of the Firſt ul 
Second Letters, of the Firſt Word is 520; And the Prodi 
of the ſame Indices is ſeven Ninths of the Square of the Gm 
er Index, which is the Index of the ſaid Firſt Letter. 
Let a= the Greater, and e = the Leſſer Index. 


ty MA ot 


MY OGO, 


"$7 0 — 
Aud 2 a6 = Lig T According to the Dat: if 
SPE 4 bot xn 
3 @& 2| 4, 6= Fes 
1— 4 | 5| ca= $520 — 8444 
5 x Ur | 6| 8144 = 42120 — 4944 
6 + 4944713044 = 42120 
7-:-130 | 8| 4 *HB2 = 324 
8 ww 2| 9g} 4=4/324= 18 It's Letter is 5. 
3, 9 [ol = Ja = 14 Ir's Letter is ov. 


Hence the Letters will tand thus, Soli. wes» >. Glas) 


5. The Dit erence bitween the two Laſt Indices, is Ui 
Index of the Firſt Letter of the 2d Word; viz, 18 —14 = 
being the Index of the Letter D). wo EE 

ans Dry S - | 6. j 


oo FF” 


5 + 


- 
— = 
. 


6, The Third and Laſt "WHOA of the Second Word, Alſo 
the Third Letrer of the Third Word, are the ſame with the 
Second Lettet of the Firſt Word: 


Hence the LAS will ſtand n Soli Deo Gloa - 4 — 


J. The Sum af 10 Indices of the Fourth Letter of the Third 
Wh, and the Siæth or Laſt Letter of the ſame Word, being 
Added to their Product, is 33. And the Difference of theit 
Squares is 288. The Index of the Laſt Letter being rhe Leaſt. 
put 4 = the Greater, and e= the Leſſer Index, As before 


Then | 1 Z 
| 2 2 —& = 286.7 e aha 4 
I KN ae =33msa 
1 dan Poop ods 3:99 4 
2 ＋ T4 r For „N 
I ieee 
n RE 
| 1147 at L\gn , i 1225; — 704 ＋ 44 7270 
2 +5|6 — | 
Ss 4.4048 +247. 4+ 4a = 2888 + 5764-88 
6 * tc. 7 A 1225 — 10 ＋ 44 


71 IS. * + 24 — 28844 — 5064 = 1313 


Thi Laſt Reſolved. according to the Method 
phich ſhall be next Chapter, it will bs 4 2 17. 


— ff 
== the 


«rt 4 50 1 


quation. bei 
wed in 


the 


ts Letter r Ig Again "=—- e = 22 


pay 


ndex of the Lerrer 4. 


Then theſe Two Letters being placed according to che Data 
one are all that are require y the Enigma to Complear 
eſe OS. 


kde fam; Gloria. 


= r Prat uns, 77 


- — > 


| 
1 
| 
| 
| 


. 
— o 


The Solution of Adteced Fquarians. in Numbers, 


Before we proceed to the Solution of AdfeBted pers 

y not. be amiſs to ſhew: the -Inveſt:zgation (er Invention) 

* ſe . Theorems or Rules for Extratting ths Roves of Supp 
Powers, made Ule of in Chapter 11., Part . 

I ſhall, here make Choice of the ſame 'Lerrexs, 10 repreſen 

the * both given and ſought; as in my * 

Algebra. 


G, always denote the given Reſelvend. 
Fanny Number taken as near the ae Row 
Viz. Let <* Any be, whether it be Greater or Leſs. - 
| 11 unknown Part of the Root fought, b 
=4 which *r is to be either Increaſed. or Decreaſed, 


Then if v be any Number Te than the true Not, it vil The 
7-|- e = the Root ſoughr. © = 
Bur if 7 be taken Greater than the true Roor, it will chen 

7 — e == the Root ſought. 
And put D for the — thar' is a from 0, 
after! it is Leſſen d and Divided by r, &c. (into the Ceffeim 
of Adſedted Aquations) according as the Nature of the Ret 


* uires. 


* — being W we may Proceed to Ri 
A For the Square iq viz. 44 = G. eee 4 
. Let [ire 2 * 7 


'1 & 2 |2 fr + 2re-þee =. = ; 
'2.—rT |3 [2re--e@ =G—7mT it B, viz: DGN 


4 4D This ſhews the iſt Metin 
Then 4 4 — e 2 of Extratting the Su- 
27 * e (or. Sei. 3. 2 11. Pat! 
3 — Les = 5 20 1 


The Arithmetical Operations of ef cheſs Theorems, Jo 
bare in che Exomples of Se8jon 2. Page 1263 To . 


* 


wh + 


EE CEE 


Clap. 15 Of Adferted”Tquations, 35 


1 the Learner, ſuppoſing him by this Time to underſtand 
them wighaur: 2 _ Words — ren is there exprelt, . 


II. To Extra the Cube: Root — 444 6 Gere » 


[ S 3 2. 


vr 3rre + 3ree. + ce = 4 r G 
2 3 NE OE I a 0 
Varma Bing 5 eee 6. 50 | DET 
A al OT" OO Sr eee 
r — de Reſe gel or Caſt 'off, as being of ſmall Vatue: 
Then it will be, re wo which * this ae 
chene {= r 


By this Theorem or Rule, the rſt and 2d Examples in Caſe 1 


reren, may very eafily underſtood. 


T3SSy >} 4 3 Dag Ft 
Again, Suppoſe aaa = G, (- 4s before) And ler 271 * 
taken Greater than the true Root... | 


F 


9 2 el N74 
i Then N F e = - eee 2 Reſect · 
1 2 3 2 | m7 — gzrre -+ 4. = "='E, © {7 as above. 
t Ju 1 3D 3 ze — 3ree Ne ar er 
7 1 *. 85 8 ITY mo G F * 
1 5 he 27 4 bre -e — =D 
| | 14 5g r N me 
Which gives x =e 
By this Theorem, e Wen 1957 2. res. 133. 1s 
perform d. (4,061 9 * * 


II To nerd WP iiber W J viz. 4 = G, W 4. 


Let [1 |r +e =a Suppoſing  r . Leſs than Juſt. 
re e =6 {EET 
fre ew Ti | 4 + 


Let | ire Suppoſing r Lefithan the true Nor. 


Page 132. Are p *d'; the which being compared wich t | 


— . —— 
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By this Theorem the Biquadrat;Root of any Number may be 
Extratled. Bur as 1 have already ſaid Page''134. chose 
Extraction: may be very well perform d, by Tivo er 


of the Square RV. Vide Example Page 135: * I 


IV. To Extre# the Burſolid Nor, viz... a. = G Nu « 
If r be raken Lef chan juſt, chen 42 As before, 


— 2 
54S =D. Which gives this Chee Fae =e 


8 | 
By this Theor. the Surſolid Root Examp. 1. Pag. 136 is Extrafte 
Buri be taken Greater chan 7 uſt 3 Then rg =, 


Ade =D, Which gives this beo = 


By this Laſt Theorem the Example i in Page 137. is perform 


I preſume it needleſs. ro purſue the Raiſing of theſe Thes 
rems, for Extracting . f. Simple Powers, any further, 
| becatle the Method of doing O55 eral, how High ſocn: 
they are; And therefore it may ve _ underftood by wha 
is already. done. (rn. 1489 00 of un ee 
Seflion: d 2 6H eh nl 
Notwithſtanding I have already b 8 5 ao N. 
dratick Equations Two ſeveral N N. by Caſting A ie 
Loweſt Term: And by Compleating the Square Tide Fel 1 
= 195. &c. IN it may OX be EY hon 
uations ma into Num this m 
Merhod of .. Series ; wherein, if the Firſt r be 
taken Equal to the Firſt, true Root or Single Side of che Neſi. 
vend; And every Single Value of e ( as it becomes found be 


ſtill Added to it, for a new 7,, Then thoſe * may be Et the 
trafted' without repeating \a Second” Operation, As befor, 1 
the * 2 Powers, os 
n: Sami e bet a 
| kur f . tt 5.-+— 3 | 0 [126 
2 0 22 e 278 e 4 TRY 11 S 
7" SY 2513 we 2be = 14 b 7 
2 ＋ 314 . 4 1.0 4 
g—maCty Meta 8 th G -r. © 
3 — 216 | N 2 
Y hich 2. 


Fran 


S0 E 7 A 6 2 = 38692865" 


Bur .. 36900099, 7 0 240368 οο 7. 1 8 —ç 
che a N $009, 7 Lex 14 7 $099... 


» ” KL #4 


iſt r= ”—_ 1934643245. = 4G 


- þ==""364 =, 1432000, = an + 5 
iſt „b 888 5 $026432,5- =D (Soo e 
+ ze = 400 Eid. 
1 Diviſor. ' d 5764 4 M Cen 
14 7 +b si64 ** 37164 ag ' i ö 
2 vir AD ; 75757, . ( % A 
U 5 — 3 
-]- Je = I 3,5 6 l " * 
Diviſor 6227 5), — CC moese til; ev 11g 
3 , 
Firſt 7 = 5000? 


e 867 Ff e a , AS Was equiped. 


Caſe 2. If aa — 24 6 . proceeding as ; above 
there will ariſe this Theozem FE 5 2 NE. Kee 


Kok in Caſe 3, 551. 2hs — as =6G * wall 1 
. AT C W 
teten Ar —— „ I ge, 


| «| 
£74 © --j< DN 12 


1 think it needleſs to Trouble a Reader with'the Work of 
theſe Two Theorems in Numbers becauſe if the laſt Rxample of 
Caſe 1. be underſtood, the other will be eafie; N but that 
the Method of Compleating- che Square is very ready and _ 
5 you may obſerve by the Work in ſeveral Queſtions of : this 

prer, | 


W 5 * „ 19 4 I t i Re! 
la - Seftion FE; | apr | 7 $ 3 


In the Solution of al Alebet Equations,” that 4 above E 
bigher than) Quedreticks, It will be the beſt way wes 1 7 If = 
the next 7 1 vor of che £ ks : Ana en it it W 


FeS "if Fee Left that ult ; Or ==, af N 
be Greater 9 Jun Le at the beginning » LN Mica "this Chapter,) And 
all the Powers of the ünkndwn * (viz. e) 
tore - us Square (ee) are to ba# Hale 64 ; As bef 5 


Thap-i0 10. —— Equations. A 5 27 


If ges Then vr 36000099 A 2 my x0 


— 
— 


VP ta > 


_ 
— 


. 5, Een SS on 3 ab — 
= — - — / = . 4 = — F a > . 


— — — 
— — — — 


— 


— 
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in Raiſing the Theorems for the Simple Powers. And therefore 
it is, that to ſupply the want of thoſe Powers (above es ſin the 
Theorem ) the Operation muſt be repeated : As in the Exam ple 
of Extratting the Cube Root Page 133. viz. when the Fig 
in the Noot conſiſt of mote than — vide = 140 


and 141. b 
 . Suppoſe 244+ be = Quere a] 


Let [1] r +e=a vx. Let r be ſuppoſed Leſ tha 
10 32 e N 0 
1 „ b|3| br ++be=ba + 

2 ＋ 3]4| r e 
ne 
5 
GVV 
5 — &e. 6 , RS 75 — jr db wad 

Which gives this ch 4—— 7 — = na 
ay x - r i 

Bur if „ be taken Greater than juſt, Then it will be 


57 * of theſe Two Thins che value of 4 may be 2 
eaſily found. Or rather otherwiſe as in the following Example. 
Let aaa + 24 = 587914 Here „ 
Suppoſe the Firſt r = 9 75 = 729000 > 587914 
without the 24 x 90 being Added to it: Therefore 1 < 90 
Again, Suppaſe r = 80 Then r* = 512000 And 247 = 1926 
Bur | 512000 +1920 =519320 << 587914 / Fence "oY 
bur nearer to it than go. Therefore | 


it muſt be | x ens Leſs than juſt 
18 3|2 | T7 -|- zie + 3ree = gaa 

3 I X , 241.3 247 ＋ 246 = 244 1 5 44 1 

2, in Num. | 4 512000 + 192998 + 240ee = 440 

3, in Num. 4-3]; 1920 |. 246, = 244. .. 500 
4 e | 513920,} 1224 24 = 3870 

651395 7, |. 19224e + 24% = 73994 ,., in} 

7 — U?. 1 eie r 5 TT 308 LE MT 2 | 

rome! 2; - KS. ads Lal = „and, 211 27% 

Oo OO * Operatin 


— — 
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©  " Operation 80,1) 305,1 = D (3% 
id Co 2 249, ö | 


1. Diviſor $3,1) 39,01 Firſt r =80, 
er „ 58,66  _ +e=: 3,7 
2. Diviſor | 83,8) 33 r + e = 83,7 


Or rather New r = 83,7 for a Second Operation, which 
being jnvolved and #ry'd (as above) will be found Greater 
than juſt: Therefore | 2 75 | 


it muſt be | 1 . | 
10 3|2 rrr — zrre gree = aaa 
1 Xx 24 | 3 | 24e — 24e 2 2484 * 
2, in Num. | 4386376, 233 — 21017,07e + 231, lee = 444 
3, in Num. | 5 | 20088 — 24 = 244 (914 
4 - 5 | 6-] 588385,0533 — 21041,07e-+ 251, 1ee = 387 
he © 7 |- 21041,07e — 251, ee = 471,053 
7 ＋ 2511 | 8 | one EP = 1,87595778 =D 
* = 2——— | 
; n 83,7955 — 2 
1. Operation 83,7953) 1,87595778 (, 223 =e 
n=, 02 o I,675510 _ 
1, Diviſor 83,7753) „2004477 
—e= 0 21673427 
be 2. Diviſor 83,7735) „03290078 
ie, —e = 0003 502513196 


* 


3. Diviſor 83,7732) „00776882 


90 | Having once found half the Places of & why for the Valu 
ff e, it will be needleſs to form New Diviſors (as above); for 


he Reſt of the Figures may be as truly found by plain Diviſion 
only. Thus E | 


e laſt Diviſor is 83,7732 ) ,007768820 ( ,0223=e1 4 
: 7539588 ( fy | 


7 = 83,7 v. 2292320 ,0223927 = © 
== 20223977 1675464 
e $3,6776073 = 4 6168560 

| | 3864124 Sc, 


But if more Exactneſs be. required, you may make the 
ew 7 = $3,6776073 And proceed with it to a Third Ope- 


ration; 


* 


ation 


Y 


rr 


Suppoſe the Firſt x = 500; r =125009000 


— * — 1＋——— — — — 1 = 
. 
— x — 2 — 2 — = 


* 


160 Deen 


ration; Which will 4 A Places of Figures 


the Value of a. bs of eve ph will produce Triple 
the Places, of Fi gue ro rhoſe ＋ 2 * precedent 1. And this 


Triphing the Places of Figures in the Root, at every Operatin, 
bald 2 and is to be Obſerved i in the Solution of all Adfe8e] 


Equations (how high ſoever they are) —— to n 
of Reſolving chem... See Page 1; r nR 0 


Example 2. Jubpele aaa — ba =6 "Quits" "j$\ 4199 


1 


4 Then Lr eee 


1 
. N 
111 4 | 4 


e 
N |; 


If r 4-8e= 


which = this ran 4 
AY, * 0 C 


But if -e = 4 OG 14 504, e 


er 
4 gives this _—_ — 10 S 


19 „ 


Or you may proceed otherwiſe, as in che Laſt Example, 
Let 444 — 64384 = 10473856838 Here 6 = 643) 


RAO 

Then 125000000 — 321900 = 121781000 
But 121781000 104783688 Therefore 1 < 500 
Again, Su . r = 400 4177 = 64000000 and br = 2575100 
Then will 64000000 — 2575200 =,6142800 
But 61424800 < 1 Hence 2 400 

Conſequently wirt 400 and 300, 1 go 
3s the wh Fake r 500 being Great 


2 next near; 


L * 1 5 7. = . 4 


. N DO — SO 1 500g = | 
© 3219000 — 6438e = 64384 (598 


7 [743562e — 15ovee = 16995312 
[1:0 hy 11330 =D 


6 3 255 — 


ir . 


10 * Part Il. 
— — — 


21781800 — 743562 + 15006 = 10418 


Bu 


Chap. 10. Of Idfected Equations. 24 


Operation 495 ) 11330 (23,8 2 


—e= 20 950 
1. Diviſor 475) 1830 Firſt x = 500 
— — 3 1416 —e= 23,8 
2. Diviſor 472) 414,0 7 — e = 476,12 —=4 
377,6 


Let New r= 476 fora 2d Operation, Then r3 107830176 
and br= 3064488 Bur 107850176 — 3064488 = 104785688 
the ſame with the Reſolvend., Conſequently a =476 juſt. 


Example 3. Let ba— aaa =G. Quere 4 
e 12 
If r reg 4 Then ann — . 


70 x 
But if r — e=#@ Then . 


- which gives this Theozem $—3 —F 


3 


Or otherwiſe as before in the Two Laſt Examples. Thus 


Let 1234564 — 444 = 12272861. Here b = 123456 - 
Suppoſe the Firſt = 200 Then rrr = 8000000, and 
br = 24691200 , then 24991200 — 800000 = 16691200 
bur 16691200 > 12272861 . therefore v is here Leſ than 
juſt, becauſe the higheſt Power is — or Negative. 
Again, Suppoſe r—=3o00 then r*= 27000000 and br=31036800 | 

hen 37036800 — 27000000 = 10036800 <. 12272861 
Conſequently r < 300 and r > 260, 

Let r = 300. being the next neargſ, bur more than uf. 


1 Ir —e=4 

2 rr — grre + 3ree 4a 

3 lr — be la 

4 | 27000000 — 270000 + gooee 

5 | 37036800 — 123456e 

6 | 10036800 . 146544e— yoore =1 2272861 
7 

8 

9 


146544 — Be = 2236061 
1 


162 — 1 L Operatio 


— - a... Si 


242 Aligebia. 


Operation, 162) 2484 (16, 6 Se 
—e= 10 152 


Part Il 


1. Div iſor 152) 964 Firſt p = 300 | 
—e—= 6 876  —e= 16,6 
2, Diviſer 146) 880 — — 283,4 —=4 
| $7,6 | 


* 


Or New r = 283 «which being Involved, &c. will appes 
to be the true Rot. That is, a= 283 f;puſt. 


Note, Theſe are uſually Called the Three Forms of Cubic 
Equations ; and in the Solution of the Third or Laſt Fom, 
viz. ba — aaa G, you may meet with ſome ſeeming 
Difficulties ; eſpecially in making Choice of the Firſt v becaule 
this Equation is An Ambiguous Equation, and hath Two 4. 
Sirmative Roots, viz. a Greater and Leſſer Root. But having 
once found either of them, the other may be eaſily obtained by 
Diviſion only; as in the Quadratick Ægquat ions. Vide Chapter, 


As for Inſtance, in the Laft Example a = 283 


And 1234564 — 444 = 12272861. Make theſe Tw 
Zquations =o, To wit, Let a — 283 =o. du 
And — aaa -+ 1234564 — 12272861 = © 7 
Then, a — 283) — 444 E 1234562 — 12272861 (— 44 
— aaa ＋ 28344 
— 28344 -+ 1234564 (— 2834 
— 2834 + 800894 
+ 433674 — 12272861 (◻＋T 4330! 4 
＋ 433674 — 1227286} wil 
| —————— Dit 
(0) (0) % 


Hence it appears, that — 44 — 2834 E 43367 = 0 
Conſequently aan E 2834 = 43367 this quation being te: 


aforeſaid Equation ba — ana = G &c, | 1. D 
After this manner all the poſſible, and jm teſſible Roots of auf 

Equation may be eafily diſcovered, any one of its Roots being * D; 
once found. I ſhall therefore omit inſerting more Exam . 
of that kind. Plain, 
| | lormir 

Suppole aaa - baa + ca G. Quere 4. Lat 
Le I#= 74; ex $139. and G = 560783 . 
7 — 


> 2 — 


— 


—— — 
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Therefore 1|7-þe=s8 
1 x c| 2| cr +ce=c 
1G 2:xb | 3| brr -|- 2bre -|- bee = baa 
1 3 | 4] mT zrre - 3ree = aaa 
2,in Numb. | 5 | 349160 E 8729e _ 
z, in Numb. | '6 | 118400 + 5920e + 74e 
4 in Numb. | 7 64000 ＋ 4B8ooe ＋ 120ee | 
; + 6+7| 8] 531560 ＋ 19449e E 194ee = 560783 
g — 531360 9 19449e + I94ee = 29223 
9 — 194 10 oo, ze ee = 153,06 = D 
; 95 
eee 
Operation. 100, 2 1 53,06 | ( L343 == 
*.0 ab Firſt r = 40 
| 1 Diviſor 101,2) 51,86 | —-e — 1,5 
| . Fr 1 
21. Diviſor 101,7 1,01 EE 


Or New r = 41,5 for a Second Operation, which being 
duely Involyed, &c. will be found more than ff. 


Therefore | 1 


2 
Then 3 3 
4 


Theſe being rurn'd into Numbers, &c. As above, they 
will be 20037,75e — 198,5ee = 390,375 which being 
Divided by 198,5 the Co- eſſicient of ce will become 
100,946e — ce = 1,966624 &c. = D 


1 — = 4 
er — ce = ca 
brr — 2bre + bee = baa 


TTY — 3rre g 3ree = aaa 


'T i 
1 
| 1 
U 
** 
J 
4 


Operation 100, 948 1,966624 6019 Se 
——²⁹ ͤ bans \-} 0Y 100936 | | 

1, Diviſor 100,936) 937264 1 
— e — „5009 908343 |. 


2. Diviſor 100, 927) * 489210 („0004847 


efott 


* Here I proceed by 4037 oJ11 Ten 
plain Diviſion, without 855020 n 4 
lorming New Diviſors, 80741 6 
Laſt 7 2 41,5 476040 
N —e= 50194847 403708 
earl — e = 41,4805153 = 4 723320 &C, 
liz Let 


1 


— 


F YT 
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— — 


Lin the Laſt £quation in the Enigma, Chap, 9. be here 
propoſed for a Solution. 


Viz. aaaa ＋ baaa — caa — da = G 


2 c 288. d= 506 ; and 6 = 1513 Quere » 


By Tryals it will be found, that the next neareſt 7 =20 
being ſomerhing More than ju#. 


- er 4 

dr — de = da 

err — 2cre ＋ cee — CAA 

brrr — 3brre + 3bree = baaa 
1 5 * — Arrre A 6rree = aaa 


Theſe being turned into Numbers, and thoſe dnely Coletta Bl ©: 
according as the Signs of the Equation dire, they will become 
50680 — 22374 ＋ 2232e = 1513. which being al R 
Divided by 2232 the Co-efficient of ee, will become C 


log = ee = 22 2 D. 


S Þ - 


D — | 

Then fre mM OE 1 

Operation, 10) 22 (3=e Ea 
— e == 3 21 = 
Diviſor 7) 1 11 
Firſt v g 20 | Ar 
Lern 3 ral 


7 —e=17 24 juf, See the End of Chap, 9. 


By what hath been already done, about the Solution of thel 
few Equation (being carefully Obſerved, ) I preſume the Lean 
er will cafily Conceive how to proceed in the Solution of all kind 
of Equations, be they never ſo High or AdfeRed ; therefore! 
ſhall not here propole many various Examples, but only tale 
them as they fall in Courſe when I come to the next Part, where 
in you will (perhaps) find fuch Æquat ions with their Solutim 
as are not common. | | 


* e 
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C HAP. XI. 
Of Simple Intereſt, and Annuities or Penſi ins, &c. 


Intereſt or the Uſe paid for the Loan of Money may be either 
Simple ; Or Compound. 


Section 1. Of Simple Intereſt. 


Simple Intereſt, is that which is paid for the Loan of any 
Principal or Sum of Money, Lent out for ſome Time, at any 
Rate per Cent, agreed on between the Borrower and the Lender; 
which, according to the Laws of England, ought to be but 
Six Pounds for Uſe of tool. for one Year, and Twelve Pounds 
for Uſe of 1oo/. for Two Years. And ſo on for a Greater or 
Leſſer Sum, proportionable to the Time propoſed. 

There are ſeveral Ways of Computing (or Anſwering Queſti- 
ions about) Simple Intereſt ; As by the Single and Double 
Rule of Three ( See Page 96. &c,) Others make Uſe of Tables 
Compoſed ar ſeveral Rates per Cent. As Sir Samuel Morland 
in his Doctrine of Intereſt both Simple, and Compound, is all 
perform'd by Tables; wherein he hath detected ſeveral materi- 
al Errors Committed by Doctor Newton, Mr. Kerſey upon Min- 
gate, and Mr. Clavil, &c. in the Buſineſs of Computing In- 
tereſt, &c. by their Tables, too tedious to be here repeated. 

But 1 ſhall in this Tract rake other Methods, and ſhew that 
all Computations relating to Simple Intereſt, are grounded upon 
Arithmetick Progreſſion; and from thence Raiſe ſuch Gene- 
ral Theorems, as will ſuit with all Caſes. In order to that 


P = Any Principal or Sum put to Intereſt. 
Let IR The Ratio of the Rate, per Cent. per Annum. 
t = The Time of the Principal's Continuance at Intereſt, 
= The Amount of the Principal, and its Intereſt. 


Note, the Ratio of the Rate, is only the Simple Intereſt of 17. 
for one Tear, at ary given Rate; and its thus found. 
Viz, 100: 6: : 1: 0,06 = the Ratio at 6 per Cent. per An, 
100: 7: : 1: 0,07 the Ratio at Seven per Cent. &. 
Again 109 : 7,5 5: 1: 0,075 = the Ratio at 7 and 3 per C. 


And if the given Time be whole Tears; then : = the 
Number of thoſe Tears ; But if rhe Time given, be either pure 
Parts of a Year, Or Parts of a Near Mix'd with Years, thoſe 
Parts muſt be turn'd into Decimals; and then : thoſe 
ne Se. Now the Commbn Peres of 8 Nr may we 

| i | cauy 


2 — — o 

= — — —ͤ—4—— — - — — —— 
- — * + 
by * 
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eaſily turn d or converted into Decimal Parts, if it be conſidered 
Day ij the 3 Part of a Tear = 0,00274 fert. 
That One A Month is the *; Part of a Year = 0,0833333 & 
; Quarter u the 5 Part of a Tear , 23 
Half a Year = o, And Three Quarters = o,q; 


Theſe things being premiſed, we may proceed to Raiſing the 


Theorems. 
Let R = the Intereſt of 1/. for one Year, As before, 


Then 2K = the Intereſt of 1/. for two Tears, 
And 3R = the Intereſt of 1/. for three Tears. 
IR the Intereſt of 11. for four Tears, And ſom 
for any Number of Tears propoſed. 


Hence it is plain, that the Simple Interefl of one Pound, is x 
Series of Terms in Aritbmetick, Progreſſion Increaſing 3 whole 
firſt Term and Common Difference is R. And the Number 
all the Terms is t. Therefore the Laſt Term will alway 
be R= the Intereſt of 1/, for any given Time fignified by t 


As one Pound: Is to the Intereſt. of 11 :: So 4 ay 
Then < Principal or given Sum: To its Intereſt, 
Thar is, 1/: R:: P: *RÞ = the Intereſs of P. Thn 
the Principal being Added to its Intereſt, their Sum will be =4 
the Amount required : Which gives this Genera/ Theorem, 


Theozem eRP-+P=4. 


From whence the Three following Theorems are eafily deduced, 
A A— P 
Theoꝛem 2. J Ni P. Theozem 3. J ß = 
41 
Theozem 4. 4 W 


Theſe Four Theorems Reſolve all Queſtions about Simple Interelt 


Nueſtton 1. Mhat will 256). 10s. Amount to in 3 Nan, 
one Quarter, 2 Months and 18 Days, at 6 per Cent, per Annun, 


Here is given Pg 256,5. R= 0,06. And = 3,4659 
Fer 2 Yeats = 10; Quere A. Per Theorem 1, 
one Quater = 0,25 5 | | 
2 Months = 0,16667 = 0,08333 X 2 
18 Days = 0,04932 = 0,00274 & 18 


Hence # = 3,46599:X 0,06 = 0,2079594 = tR 
Then 0,207594 x 256,5 = $3,341596 = RP 
And 53,341586 E 256,35 = 309,8415386 = tRP-| P=4 

Thar is, 309,841 586 = 3o9l , 16s, 1od , being the Anlwe 
required, 22ͤĩ?7ñ⁊ð³ ?2?1f 


lit. att. Alto 


_—_— 
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Queſtion 2. Mhat Principal or Sum being put to Intereft, 
will Raiſe a Stock of 3ogl . 16s . 10d . in 3 Years, one 
Quarter, Two Months and 18 Days; at 6 per Cent. per 
Annum ? 55 

Or the ſame Queſtion otherwiſe ſtated thus. 
What 1s 3091. 16s , lod , due 3 Tears, one Quarter, 2 Months 
and 18 Days hence, worth in ready Money ; Abating or Diſcount- 
ing 6 per Cent. &cc. 

Here is given A = 309,841586 R=0,06 = 3, 46599 
(found as before) Thence to find P. Per Theorem 2. 

Firſt 3, 46599 Xx 0,06 = , 2079594 R 

Then tR + 1 = 1,2079594) 309, 841586 = 4 (256, =P 
That is, 236,5 = 2561 . 10s, the Anſwer required. 


Queſtion 3. At what Rate of Intereſt, per Cent. &c. will 2561 
10s, Amount to 3091 . 16s , 10d, In Tears, one Quarter, 
2 Months and 18 Days. 

Here is given, P =256,5. A 309,841586 and + = 3,46599 
To find R. Per Theorem 3. 


Firſt 309,841586 — 256,5 =53,3415386 = A— P 

Next . 3,46599 & 256,5 = 889, 026435 = R 

And tR = $89,026435 ) 53,341586 ( 0,06 = the Ratio. 
Then 1 : 0,06 :: 100: 6 = the Rate required. 


Quettion 4. In what Time will 2561 . 10s , Raiſe a Stock 
(or Amount to) 3ogl , 16s , 10d . at 6 per Cent, &c. 


Here is given, P 256,5 A = 309,841586 and R = o, os 
ofind . Per Theorem 4. 

ſt 309,841586 — 256,5 = 53,341586 =A—P 

Ind 256,5 & 0,06 = 13,39 = PR. 

Then 15,39) 33,341 586 (3, 46399 = t 

Thats t = 3 Years and , 46599 Decimal Parts of a Tear; 
vhich may be brought into Common Parts of a Near, thus 


591 

mull 0,46599. And 0,08333) 0,21599 (2 Mont hs. 
0,25 = one Quarter ,16666 
„21599 o, 2074) , 04933 (18 Days._ 
ence & 3 Tears, ene Quarter, 2 Months and 18 Days ; 


ne 4nfwer required. 


It muſt needs be eaſie to Conceive, that what is here done 
per Cent. may be done at any other Rate of Intereſt, by 


ming the Ratio, viz. R, accordingly. Scholium 


248 — 
Scholium. 


Altho ir be according to the Laws and Cuſtom of Eng. 
to Compute Intereſt at the Proportion of 6 per Cent. (as above 
yet he that takes up Money at Intereſt for any Time Leſs than 
Even or Compleat Years, pays more Intereſt than ſeems reaſo. 
nably Due, according to the true Rules of Arr. | 

As for Inſtance ; If loo. be forborn ar Intereſt one Whole 
Year, it Amounts to 106. Bur (I ſay) if it be paid atthe 
Half Year's End, it ſhould not Amount to 1031. appean 
from this following Proportion. 3 

Let 4 = the Amount due at the Half Year's End; Then 
it will be 100: 4: : 4: 106 the Amount at the Year's End. 
Ergo aa=10600 And a=4/10600=102,9563=1021.19%, 140 
which is Leſs than 103/ by 104d. And if it be paid in Leh 
than Half a Years Time, the Error muſt needs be the 


Greater. 


Section 2. Of Annuities, or Penſions i» Arrears ; c- 
puted at Simple Intereſt, 


Part II. 


Annuities or Penſions, &c, are ſaid to be in Arrears, when they 
are payable or Due, either Narh or Half-yearly, &c. and ar 
Unpaid for any Number of Payments. Therefore the Bufines 
is, ro compute what all thoſe Payments will Amount unto, allow- 
ing any Rate of Simple Intereſt for their Forbearance, from the 
Time each particular Payment became Due: Now in orderto 
thar, | 
the Annuity, Penſian, or Yearly Rent, &c 
the Time of its Continuance (or being) Unpaid. 
the Ratio, or Intereſt of 11, for 1 Tear, As before. 
A = the Amount of the Annuity and its Intereſt. 


Then if « = the Firſt Tears Rent, due withour Intereſt. 


2 
A 
* 
IM 


And — =_ on — 3 Due at the End of the Second Tear, 
And _ _ . OL. Due at the End of the Third Tear. 
oy mm = 2 Due at the End of the Fourth Tear. 

4% S ide Rem N Due arihe Endof the Fifth Tr 


Ru + 2Ru ＋ 3R#u + 


Rents and their Intereſt, b 
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ir follows, that R. 2Ru A 3 R. ＋ 4Ru = A—ty, 
Here #5. Divide by u, Then RAR 3R-4-4R= - 

Next to find the Sum of this Progreſſion ( See Page 185.) Thus 
Ls REAR &. 2. Then 142-4344 &ct = 


Here the Sum of the Firſt and Laſt Terms are 4 -+1= 5 * 


And the Number of all the Terms is 4 =t— r. Therefore 
— x : the Sum of all the Terms, That is, — 2 


ttR — tR tt R— R A—tu_ 


| — =2 ,-- Conſequentl — 2. > 
Hence 5 . Conſequenely 8 8 


Now from this Æuation it will be ege to deduce the following 


Theorems. 
ttRu—tRu+2tu ttu—tu 
Theoꝛem 14 * — —=4, Or 4 £ XR: ＋ tu==4 
24 5 A 
Theozem2.< =—x=5; *. Theozem 3. J R: 


2 N 
Let ——1=x. Then e = +—: — 1 A Theoz. 4. 
R 

Queſtion». F 250/. Yearly Rent (er Penſion, &c. ) be for- 
burn or unpaid Seven Tears; What will it Amount to in that Time, 
6 per Cent. for each Payment as it becomes Due ? 


Au 


| 
e 
5 
* 


0 
to | 
ere is given 4==250 ,t=7, And R=0,06 To find A. Per 
ü. 1. Firſt 250 K 7 =1750 = tu. 1750X7 = 12250 ten 
pam 12250 —1750=10500Z=ettu—ty, And 25%? x0,06=315 
ty 315 E175 2065 . Viz, 2e651. is the Ay. requir d. 


But if che Aunnity, Rent or Penſion, is to be paid by Quarterly 
* Half Yearly Payments, &c. | 
hen 22S — 60,03 = R for Halt Yearly Payments. 

Id 45% = 0,015.==R for Quarterly; Or 0,045 = R for 
ee Quarterly Payments. Example of Half Yearly Payments. 
Suppoſe 2.5 ol. per Annum, to be paid by Half Yearly Payments, 
re in Arrears or 1. — for Seven Tears 3 What would it Amount 
, allowing 6 per Cent, per Annum for each Payment as it 
came Due. 


bat his Example there is given 2 2 i = 442. 1 —14 ke 
che 2 of Payments 3 And R=0,03 =. Thence to find 4, 


ace 12.5 x 14. =1750=m9 . 1750X 145724500 =, 
* 245001750= 22750=ety tu: Then 232 = 11375 
| K k And 


— —— -» — 


. 
e. 


* 
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And 11375 x0, 03 2341,23 Laſtly 341, 25 1750 2091 
That is, A = 2091 mY . the Anſwer required, * 
N. B. Hence it may be Obſerved, that Half Yearly Paymen; 
are more Advantagious than Yearly : | | 
For 20911 . 5s > 20651 by 261. 5s. Conſequenth' 
Quarterly Payments are more Advantagious than Hat 
Yearly Payments, 


Nueſtion 2. h Nearly Rent, Penſion, &c: being fork 
or unpaid Seven Years, will Raiſe a Stock of 20651. allowing 6 pn 
Cenr, per Annum for each Payment as it becomes Due? 2 


Here is given A = 2065 2 7 And R= 0,06, To find: 
Per Theorem 2. | 
Firſt 7 x 0,06 —= 0,42 R. and 0,42X 7 2 2,94 = ith, 

Then #&R —#R = 2,52 
Laſtly r R #R + 2t =16,52) 4130 = 24 (250 
That is, 250/l, per Annum, &c. will Raiſe 2065/. the Sink 
required, | 


Nueſtion 3. In what Time will 2501. Yearly Rent, Raiet 
Stock of 2065. Allowing 6 per Cent. Sc. for the Forbearaa 
of the Payments, as they become Due ? | 


Here is given 2 =250; A=2065 And R = o, os To find! 
Per Theorem 4. Firſt 
2 2 


R 2 3343333 And 33,3333 132,333 Xl 


Then 16,1666 &c. = £x  261,3605 &c. = Ax. 
Again *174*=275,333 =2A—Ru And 273, 3333426186 


- | 
= $36,6938 = N. ＋Zzxx Then 4/ 536,6938 = 23,166 
Laſtly 23,1666 — 16,1666 = 5 =# the Time required: 


Queſtion 4, If 250!. Nearly Rent, being forborn Seven In 
will Amount to 20651, allowing Simple Intere( for every Pm 
a it becomes Due; What muſt the Rate of Intereft be per Cent. 


Here is given a=250 ; A = 2065. And e =q, To findi 
Per Theorem 3. gh N 
ttu = 12250; 4130 24 

Thus 4 — tu = 1750, 3500 = 2tu 3 
ttu — tu =10500) 630 24 — 2tu (0,06 = RNB 
Then 1: 0,96 :: les: 6 the Rate required.  F!, 


Mera: 


—— — 


gedlien 3. The Pzeſent Worth of Annuities ot Pcnſions, &c 
. Computed at Simple Intereſt. 


The Buſineſs of Purchaſing Annuities, or taking of Leaſes, &c. 
for any aſſigned Time, Depends upon the true /£quating of the. 
Principal or Money laid out on the Purchaſe, with the Annuity 
or Yearly Rent, by allowing (or Diſcompting ) the ſame Rate 
of Intereſt to both Parties, Which may be eaſily perform'd by 
duely Applying the 1 * Theorems of the Two Laſt Secti- 
ons together. As will fully appear by the following Queſtion. 


Nueſtfon 1. Phat n 75). Nearly Rent, to continue Nine Tears, 
worth in ready Money, at 6 per Cent. per Annum Simpie 
Intereſt ? 2 | 

1. Per Theorem 1: of the Laſt Section, find what the propoſed 
Yearly Rent would Amount to, if it were forborn 9 Years at 
6 per Cent, 


Thus u =95: e£=9. And R = 0,06, Quere 4 
ttu = 6075 Then 2) $400 ( 2700 ; 
8 R = 0,06 5 Multiply 

ty — ty = $400 162, 


+ tu=675 N 4 


2. Then by Theorem 2. Section 1. find what Princi al, bein 
put to Intereſt for the ſame Time, and at the ſame Rate, wil 
amount to 837. = A 


Thus tR=0 $4=9X0,06 . tR+1=1,54) 837 8 
That is, D 10. 13d, Which is the Worth of 75“. a 
ear, as was required. | 

From the Work of theſe Two Operations, ( duely Conſider' d ) 
muſt needs be Eaſie to Conceive, how the Two Theorems by | 

ich they. were perform'd, may be Combined into One. | * 


tt Ru — Ru E 2tu | 
5 8 — F A. And 2. PrR-+P = A. 


or 1, 
a 73s ttRu — tRu A 2tu | 
enſequently PtR + P = 4 | = 7 And from this 


ation, may be deduced the following Theorems. 


= 


| tt Ru—tRu+ 20 | ct RR 2t | 
em {ERR =p, nf ER =p 
By this Theorem all Nations of the fame kind with the Laſt 
. that above) 1 eaſily and readily Anſwered at one 
12 Kka Theo- 
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252 | 
= | R- 


2PtR + 2P _ KG 
Theozem 245 NN eu. 0¹4 


NN © Nay 
Theozem 3. 4. Den R 
5 K 2 12 Then vin # =. f 
Which giyes this Theozem 4. L 1 2 7 75 


By the Second and Third Theorems, Two very Uſeful Queſtuan 
may be eaſily Anſwered. * | \ 
1. As for Inſtance : If it be required to find what Annuity,or year 
Rent & c. may be purchaſed, for any propoſed Sum, to continue ay 
aſſigned Time, allowing any Rate of Intereſt. 

| This Queſtion may be Anſwered by Theorem 2. 


2. Again: If it be required to find bow Long any Yearly Ren, 

Penſion, or Annuity &c. may be purchaſed (or enjoyd) far ay 

propoſed Sum, at any given Rate of Intereft,  _ 
All Queſtions of this Kind are eaſily Anſwered per Theorem; 


In theſe Queſtions it is ſuppoſed, that the Purchaſe or Yea} 
Rent, is ro Commence or be immediately Enter'd upon. Butt 
it be required to find the Value or Purchaſe of any Annuity a 
Yearly Rene, Sc. in. Reverſion; That is, when it is not to he 
Enter d upon until after ſome Time, or Number of Tears are pit 
Then you muſt firſt find what the Sum propos d to he laid olt 
in the Purchaſe, would Amount to, if it were put to Intel 
during the Time the Annuity; Sc. is not to be in preſent Poll 
Mon ; And make that Amount the Sum for the Purchaſe, pr 

ceeding with it as in either of the Two Laſt Queſtions, &. 


Note, From the Firſt Queſtion of this Settion it will be eaſe 
Conceive how to perform the Æquating of Payments, between Den 
and Creditor, at any Rate of Intereſt, without doing any Damage 
either Party. . a A e 

That is, when ſeveral Sums of Money are to be paid, 
ſeveral different Times, To find the Time wälen all the Fz 
ments may be truely diſcharged at once: As if one Sum we 
to be paid ar the end af 2 Months, another at 6 Manths, © 
$a Third Sum at 8 Months End, Oc. And it were" 


For 


That 


perha 
aries to find the Time when all thoſe. Sums may be truly 
charged at one Payment without Loſs, G 


c HA 
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1 8 es WE 
Of Compdund Intereſt, and Annuities, Sc. 


Compound Intereſt is that which atiſes from any Principal and 
its Intereſt put together, as the Intereſt ſtill becomes Due; So 
that at every Payment, or at the Time when the Pœments became 
Due, there is Created a New Principal ; And for that Reaſon its 
Called Interg# upon Intereft, or Compound Jutcreſt, 


As for Inſtance ; Suppoſe tool. were Lent out for Two 
Years, at 6 per Cent. per Annum, Compound Intereſt: Then, 
at the End of the Firſt Year, it will only Amount to 106“. As 
in Simple Intereſt, But for the Second Year. this 406/. becomes 
Principal, which will Amount to 1121. 7s . 25d. at the Se- 
cond Year's End, whereas by Simple Intereſt it would have 
Amounted to but 1121, | 
And altho' it be not Lawful to Lett our Money at Compound 
Intereſt ; Yet in Purchaſing of Annuities or Penſions, &c. And 
taking Leaſes in Reverſion, it is very uſual to allow Compound 
Intereſt to the Purchaſer for his ready Money; and therefore it 
6 very requiſite to underſtand it, 1 


gedion i. Of Compound Inrereft. 
P = the Prinei pal pur to Iutereſt. 7 
t = the Tame of its Continuance,  - - Tabel 
Let A = the Amount of the Principal and Intereſt. 
A+ Co Amount of il. and its Intereſt for 1 Tear at 
A any given Rate, whieb may be thus found. | 
Viz, 100: 106 :: 1: 1,06 = the Amount of 11. at 6 per Cent, 
Or 100: 107 2: 1: 1, % = the Amount of 1/, at 7 per Cent. 


and ſo on for any other aſſigned Rage of Intereſt. 5 
Then if R = the Amount of 1 for One Tear, at any Rate. 
| RR == the” Amonne of 11. for Two earn. 
R= the Amount of 1. for Three Years, 

+* = the Amount of 1/. for Four Tears. | 

R = the Amount of 11. for Fjve Tears, Here 2 5 

For 1: R:: R: RR: : RR: RRR: MR: R:: R: R dec. in e. 

5 es one Pound: Is to che Amoum of one Pound at 

That is J one Year's End :: So is chat Amount: To che 

Amount of one Pound at Two Year's End, Cc. 

e Whence 


— - 


54 


Y - * * f'* — * 
4 | . — — 


284. Agebza. Plat Il. 


„ * 


-— 


»— 


Whence ir is plain, that Compound Intereſt is grounded upon 
a Series of Terms, Ipcreafing, in Geometrical Proportion Gn 
tinued; wherein # (viz. the Number of Years ) does al. 
ways aſſign the Index of the laſt and higheſt Term, viz, the 
Power of R, which is R. N 


Again, As 1: R:: P: PN 2 4 the Amount of P for 
the Time, thar N = the Amount of 11. 


(As one Pound : Is to the Amount of one Pound fo 
That is 5 any given Time :: So is any propoſed Principal (ot 
Sum : To its Amount for the ſame Time. 


From the Premiſſes, (I preſume) theReaſon of the following 
- Theorems, may be very Eaſily underſtood. | | 


Theozem 1. PRf= 4 As above. 


F rom, hence the Two following Theorems are caſily deduced, 


A A 
Theozem 2. 4 — =P. Theozem 3. 4 p X. 


* 


By theſe Three Theorems, all Queſtions about Compound 
Intereſt, may be truly Reſolved by the Pen only, viz. without 
Tables; Tho not fo readily as by the help of Tables, Calcu- 
lated on Purpoſe ; As will appear farther on. . 


Dueſtion 1, bat will 2561 | 10: Amount to, in Sen 
Tears, at 6 per Cent. per Annum, Compound Intereſt. 


Here is given P 256,5 .t=7 , and R= 1, 6 which 
being Involved until its Index rt ( viz. 7) will becom 
R = 1, 30363 5 


Then 1, 50363 x 256,5 =385,6811 = A = 3851. 13. 7%. 
which is the Anſwer required. : | | | 


| Dueſtfon , What Principal or Sum of Money, muſt be pu 
( or Lett) out, to Raiſe a Stock of 3851 . 135 . 73d, in Sev 
Tears, at 6 per Cent. per Annum Compound Intereſt ? 
Here is given 4 385,6811 =1,06 and t=7 To find , 
by Theorem 2. e F 
Thus R = 1, 50363) 385,6811 = 4 (256, . 


That is, P 2561 , 105, which is the Principal or as Sum 
was required. R en eee 4, 


Queſtion 
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Queſtion 3. PD. what Time wil 2561. tos . Raiſe a Stock 


of (or Amount to) 3851 . 13s , 72d. allowing 6 per Cent. 
per Annum Compound Intereft ? 


Here is given P=256,5 A=395,6811 Rt, os To find e 
Vi A | 

by the Third Theorem JN S L= 1,3063, 
which being continually Divided by R = 1,06 until nothing 
Remain, the Number of thoſe Diviſions will be = 4 = e, 
Thus 1,06) 1,50363 (1,41852 And 1,06) 1,41852 (1,338225 
Again 1,06) 1,338225 (1, 262477. And ſo on until it be- 
come 1,06) 1,06 (1. which will be at the Seventh Diviſion. 
Therefore it will be = = 75 the Number of Years required 
by the Queſtion, 

Nueltion 4. If 2561. tos; will Amount to (or Raiſe a 
Stock of ) 3851 . 13s . 75d . in Seven Tears Time; What muſt 
the Rate of Intereſt be, per Cent. per Annum. . 


Here is given P=256,5 A=385,6811 and e=7 Quere R. 
| 2 
By Theozem 3. 5 = N, 30363. As before in the Laſt 


Queſtion, And if R = RN = 1, 50363 Then R= 7/1, 50363 
which may be a Rr ts NAY 


i [r-+e+ R Then 

2 | 77 + re + 217iee = N 1, 30363 = G 
3 | 71%e | 21r5ce = G = 77 

4 | G —7r” 


D 
7 + 3e 


Operation 7 = 1,00) o, % (o, os =e 
—+ 3e = 18 708 


Diviſor 1,18 (11) do be rejected. 


5 * 2 


Let = Then D=0,0719 


Fiſt 7 S1, % _. —_ 
. 


Then 1: 6 :: 100: 6 The Rate per Cent. required, 
The Firſt Three Queſtions may be much more eaſily per- 


Sum form d by the following Table, which is only the Amounts of 
rial Pound for Thirty Nine Leas. 
[ ; 9 - GIS — _—_ 


That 


LED — — 
e 
— ˖ ICIS 


Dy 


: . POSSI 
AV wo ard” La 


256 


Aged 


Part I 


1 
— — 


= Hi ſo. 
— GO A DEED 


_— 


Frans of * N NX. * * 


— 9 
— 


43638352355 
þ1,5933480745 


1,191016=R' 
1 26247696 
138227872 
141857197122 


16894789590 

17908476965 
N 8982985583 
2,01 21964718 


Il 


1,06 R 14 
41,1236 =RAj15 


22 


21 


3 of -x/, ar 6 per 


16 


17 
18 


20 


— — 


22 
29 


24 
25 


25 Amounts 


Cent. &c. Com- 
pound Intereſt, 


2,2609039557 


2,3296558 * 9231 L 
245493516547 


2,6927727357 
2,8543391529 
30255995021 
3,2071354722 


33995636003 


3,$197496616 
248234641 3 
4. 294921. 


3,6035374166 


7,25 10252757 
2586867923 


81472519995 


9 ro $35; 


- 
_ 


4,8223494⁰7 
351116866971 
5741 83878990 ö 
37743491 1729 


6,088 1006432 
6,4523866818 
6, 8405898828 


— 


— 


8,6360871198 
9,1542523470 


Loan. on 


_— * »„ꝗẽ⁴ * * II 


[1312,13292826071 | 26.1 4,3493829629 | 39 9,7035974878| 


The Title of this Table — Conſtruction, and its * 
will eaſily appear by an 5 or Two. n 


Example 1. What will 3751 . 10s: Amount to in 1 Nine Year 
at 6 per - per Annum, Se. 


The Tabular Number againfs 9 Years is 1,689479 whidh 


being Mulri - aged with the Principal 375, will produce 

634,3 993 Oc gs 6341 . $5. fore, being the Amount ct. 

Anſwer required. U 
Ty 


Example 2. What Principal ( or Sum ) muſe be put to bun 


to Raiſe a Stock of 6341. 8 Nw Bert , 4 6 ya lat 
Cent. per Annum, Ge. 4 be 


If the propoſed Stock, ( viz, 624.4) be Divided bythe Tx Ay 
bular Number rhar is againſt the given Number of Years Dit 
(via. 9) the Quotient will be the Principal (or Sum) re: Ye: 
quired, Vz. Againſt 9 is 1£,689479 ) for | 


Then 1,689479 ) 634.4. (375, = 3751 >.10s . the Pri 
cipal (or Sum) as was required. 


Exanp'c 3. In what Time wil 3731: 1 Taife 4 Stack of ( 
Amount to) SAL, Bs, 4.6 per Sent. She £7 556 


= | Divide 


+ 
"» 


— MEER at — * 
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Divide the pro Stock ( viz. 634,4) by the given Princi- 
al (vix. 373,3) and the Quotient will ſhew the Tabular 
Nomber that ſtands Over- againſt the Time ſought. © 
Thus 373,1) 634,4 ( 1,689479 &e. - this Number being 
ſought in the Table, wilt be found ro ſtand againſt 9 Years, 
which is the Time required. | W et R, 

But if the 8 cannot be truly found in the Table of 
Amounts for Years, as above; Then take out of that Table 
the neareſt Number that is Leſ, and make it a Diviſor, by 
which you muſt Divide the firſt Quotient; And then ſeek 
the ſecond Quotient in the Table of Amounts for Days, (which 
* inferted a little further on) and it; will aſſign the Number of 
Rn r 


In what Time will 563 Amount to 860l. at 6 per Cent. 
per Annum, Compound Intereſt ? = . 
200 Anſwer, In 7 Years and 99 Days. 


Thus 563) $60 (1,553 which ſhews the Time ro be 
more (or above) Seven Years ; For over-againſt 7 Years is 
, 50363 which being made the New Diviſor: W 
Viz. 4, 30363) 7,327 (Cr, or 389 Se. this Number is the 
neareſt Amount to 99 Days * | | 


* 


up Nate, if the Stock, Principal, and Time be given; the Rate of 
ere wil be Beſt found by Exrracting the Root, &c. As before 
in the Furth Queſtion. — pt N 


ich Lr 

ace The next thing that I ſhall here propoſe, is to make this 
or Table ( which & only Calculated for the Rete of s per Cent.) 
Univerſally Uſeful for all Rates of Compound Intereſt, which 
I may preſume to ſay, is 4 New Improvement of my own, being well 
latisſied it never was Publiſhed before, and not only ſo, but 
* heard ſeveral very good Artiſts affirm it was impoſlible ro 
The Method of performing ir is briefly thus, Ler x = the 
Difference. between | 1,06 = R rhe Amount of 1/. for one 
Year (in che Table) and any other propoſed Amount of 1“ 


for one Year ; which admits of Two Caſes. 


. 
4 


i 1 


coe 1. H the Rate be Greater chan f, 06 = R: 
„ben will RAS the true Amount of 'rb, ſor one Year ac 
nee io yt: | mY 


vide 11 Caſe 


2 — 1 
W 


—— 
—_— 


| 


{ 
U 
[i 
4 


— 


E EL 
IIS OE EO OE 
I f - A- we * 


Amount of 1/. at the given Rate, for any Time denoted by ;, 
In Caſe 1. 


77 
. 


1 
4 
7 E 

U 4 


Example 2. Hat will 3651. Amount to in Seven Tears, 6 
four and a half per Cent, G&S. 11 | 


Ft a — — — dh ůĩů— — — 
258 |  Algebza, 111 Part II. 


Caſe 2. But if the propoſed Rate be Leſs than 1,06 = 
then it will be R— 4 Amount of 1 /. &c. 9 


3 t—1=b. t—2=c . t—3=d.t—4=f & 
Make N= geg = m ram n ifn = &c. 


Then will N -+ RX RRR + mRdxxx &c, & the 


And Rf — #Rbx -+ gRexx — mRixxx &c. = the Amoun 
of 11. in Caſe 2. 2 Box 

Which is no more but this, Let R- Or R 
(which ſoever it is) be Involved (as Directed in Sect. 5. Chap, 1) 
to the ſame Power or Height as the Index : the given Fm 
in the Queſtion denotes : Rejecting all the Powers of x abo 
xxx Or xxxx at moſt, as uſeleſs. 

Then Multiply that Power of R + x Or R—z inn 
the given Principal, and their Product will be the Amount 
required, An Example or Two in each Caſe will render al 
Example 1. Suppoſe it were required to find what 2.561, mall 
Amount to in Fifteen Tears, at 81, per Cent. per Annum Compound 
Intereſt? Here #= 15. | | | 


Eirft  1c0: 108 :: 1: 1,08 the Amount of 11. at 8 per C 
Next 1,08—1,06=0,02=x. And R-{-x=1,08 As in Caſe, 
Then R. C 15Rx . 100 RA + 455R!2xxx Sc. = th 
Amount of 1/, for 15 Years, at 8 per Cent. 


lere x =.0,02 : xx = 0,0004 ; and xxx r ooo 


2 By the Table Rs = 2,39655 

| t 15R1*x = 2,260904 X 15 X ,o2 = 0, 6782/1 

And Leide 32928 X 105 X ,0004 = 0o,0895Þ 

455R"*xxx = 2,012196 X 455 x ,000008 == , oo 

ee | * 617 Sum 23, 171730 

F 447776 8 ag6 = $11,964416=4 

That is, 8111. 19s . 35d fere. Which is the Anſwer as waſh 

required, . oerl £U C341 ; ES 34 | 


| Firſt 1c: 10435 :: 1: 1,43 the Amount of 17 at 4 
per Cen. Amount of 1 


. a 
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Next 1,06—1,045=0,015=x, Conſequently R—x=1,045 


in Caſe 2. 
"Then R — 7R6*x + 21R' xx — 35R*xxx &c, = the 
Amount of 14. for 7 Years, at 4+ per Cent. 


Here x = ,o15 . XX=2,000225 . and xxx = ,000003375, 


6 By the Table RN = -+ 1,3503630 
— RX = — 148944 

And oe + 21R5xx = ＋ , oo6323 

— 35R*xxx = — $,o00oI4L 

K — Rx 21 RKxx — 35R*xxx = 1,360868 


Then 1,360868 X 365 =496,71682 = 4 
Thar is 496! . 14s . 344 is the Anſwer required. 


If the Reaſon of rheſe two Operations be but well underſtood, 
it will be very eaſie to Conceive how to find P, the Princi pal, 
by having 4, 2, and & given (becauſe R and its Powers 
are always given by the Table.) 


For R Nx + g Rx X mRxxæ x P A (as above.) 
| A 
= tR*x + gRexx I MRxxæ = 
el Or if 4, P, and + be given, x may be found, 
A 
the For R RX + gRoxx ＋ mRixxx = p. This Equation 


being Solved, (as in Chap. 10.) the Value of x will be found; 


and then either REX, Or R— x will ſhew the Rate of 
ntereft, &. 


Bur I ſhall leave the Numerical Operations to the Learner's 
Practice, ſuppoſing enough done ro ſhew how all Queſtions of 
this kind that are limired by whole Years, may be Computed. 

And if the Time given, or ſought be nor Terminated by whole 
Years, but by Weeks, Months, Quarters or Half-Tears, &c. for 
Reſolving ſuch Queſtions, the belt way will be ro Reduce thoſe 
Se, of a Year into Days; that done, find an Anſwer accord- 
s Wing to the Demand of the Queſtion (and agreeing to 1/. as be- 
ore ) for thoſe Nymber of Days; And in order to that, it will 
e requiſite to find the Amount of 11. for one Day, ( as in my 
ompendium of Algebra Page 110.) which I ſhall here Inſert. 


Pur a = the Amount ſought, then it will be 


4 :: : 40 53 44: dd :: 4a: a <> to 465. 
9 | Ll12 Thar 


Thackes RF 


, — PRC Kee 


260 


— 


Thar that Amount : To the Amount of Two Days :: And fi 

That is, Js that of Two Days : To that of Tbree Days. And 
| on in == to 3653 Dh. 

Then che Laſt of che Terms will be 3 = 1,06 

| reg 4. And let r=1 


Pur | 1 

1 O 365 2 | r365.+365r35+*e+66430r* S ag 

2, in Num. 31 365e + 6643 Oe = 1,06 

3 — 14365 6643 ee = 0,06 

4 — 66430 15 500549 e ee =0,0000009032 = D 

_— 612 — 
een 

Operation , 00549 0,0000009032 ( ,00016 Se 
e 2 

1. Diviſor „0055 3332 1 

2. Diviſor ,00565 33909 e = 0,00016 


r ge = 1,cools 


New tr = 1, 00016 for a Second Operation. Then 


2, in Num. | 7 | 1,06013401407 + 386,887e + 70402, 1 
= 1,06 Hence it appears that — e =« 
[Therefore | 8 | 1,06013401407 — 386,887e-þ 70402, 1½15 
=> 1,06 * 
8 = 9 336, 88 — 70402,172e0=0,0001 3401407 
9 — lo | ,0054953 — ee =,0000009019035503 
132 7 A, ,0900000019035503 | 


; 88 5054953 _F 


Operation ,0054953) ;0000000019035503 (,0000003 =t 


— & = ,0000003 164350 
Divifor ,0054950 255050 (,0000000464 
bg! 219800 
Laſt r= 1, 0016 332503 
— e = ©,0000003464 7 x 
— 2842 32 2222 
1 — 4 1, 0001396536 219809 


Which being farther purſued © 4 Third Operation. it wi 
be g= 1,0001596535874533 &, Pn, | 
tage : ; Tit 


E50 
— 
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This Value of 4, is the Amoum of 1. for one Day, from 
which, if 1/. be Subſtrafted, the Remainder = ,000159653587 &c. 
will be the Intere# of 11. for one Day. Conſequently, if any 

ropoled Principal be Multiplied into either of theſe, the re- 
f ive Product will be the Amount, or Intereſt of that Principal 
or one Day, ar 6 per Cent. &c. | | 

And that the Amount (or Intereſt) of any Principal or Sum, 
may be eafily computed for any Number of Days Leſ than a 
Year; I have here inferred the following Table, which, — 
a great deal of Care * T believe Exactneſ) is Calculate 
from the Laſt found (1,000159653587453 ) Amount of 11. for 
one Day. To which is alſo Annexed a Table of the Amounts of 
il, for Months. 


2 Amounts of 17. "Amounts of 1 * of Amounts of 17. 
&, |= &c. &| &. 


1,00015965361|26| 1,0041592879 | 51[1,0081749166| 
1,0003193326 | 27| 1,0043196055 | 52|1,0083358753 
1,0064790372 | 28| 1,0044799487 | 53 1,0084968597 
1,0006387673 | 29| 1,0046403175 | 54 [1,0086578699 
1,0007985229 | 30, 048007120 1,0088189037 


, 009583039311, 049611320561, 089799673 
I,coOIII81105|32| 1,0051215776 | 57 [1,0091410545 
1,0012779426 | 33 | 1,0052820488 | 58|1,0093021675 
1,0014378002 | 34 | 1,0054425457 | 59 |1,0994633062 
1,0015976834 | 35 | 1,0056030682 60 1, 096244707 
1,0017575920 | 36| 1,0057636164 | 61 [1,0097856608 
1,0019175262 | 37 | 1,0059241901 | 62 |[1,0099468767 
1,0020774$59 | 38; 1,0060847895 | 63 [1,0101081134 
1,0022374712 | 39| 1,0062454146 | 64 [1,0102693858 
1,0023974820 | 40 1, 06406065365 248428782 
1, 0025575184411, 06566741666 1,0105919978 
10027175803 421, 0067274436671, 0107533424 
10028776677 431, 0688817121681, 0109147128 
1, 030377808441, 070489245 69 | 1,9110761090 
10031979193 451, 007209703570 [1, 112375309 
1, 0033580850461, 0073705082 71 [1,01139389786| 
150035182732 471, 075313385 | 72 |1,0115604521, 
10036784885 481, 0076921945 | 73 | 1,0117219513 
1,0038387294 | 49| 1,0078530762 | 74 | 1,0118834764 
1,0039989958 | 50| 1,0080139835 75 | 10120450272 


* 


Aa 
wi 


[ASS -loov wow calunpbwyp —- 


— 4. * 
LA 3 ä — 


Tas Days 


- "Mgebza. 


Part 


76 10122066038 


' 


[1,0146333511 
11,0147953408 


Amounts of 11, | 
cc. 


10123682062 
10125298344 
10126914885 
10128531683 


10130148739 
10131766054 
10133383627 

1,01 35001458 
10136619347 
1,0138237855 

1,0139856501, 

1,0141475365 

1,0143094488, 

1,0144713869! 


| 


1,0149573565 
1,0151193981 


150156056781 
1,0 157678232 
150159299941 
10160921910 
10162544138 
150 164166624 
10165789370 
1,0167412375 
1,0169035638 


1,0170659161 


1,9173906985 
1,0175513286 

1,0177155846 

1,0178780665 
1,0180405744 
1,0182031083 
1,0133656680 


7 


120 


1201 52814655 
7 6734433385 


10172282944 


116 


11 
111 


119 
121 
122 
1123 
124 


Amounts of 1. 
&c. 
10186908655 
10188535031 
1,01 90161667 


1195043134761 
1,0 196670809 
„0198298745 
1,0199926934 
1,0201555389 
1,0203184110 
1,0204813084 
1,0206442319 
1,0208071814 
1,0209701569 


1,0212961861 
150214592397 
10216223193 
1,0217854250[175 


75219485567 176 
10221117144 
10222748982 
10224381081 
1,022601 3440 


1,0227646060 
1,02292783940 
1,0230912081 


1,0234179146 


| 1,0235813069 
1,0237447253]| 


1,0239081699 
1,0240716405 
1,0242351372 


1,0243986600| 191 
1,0245622089 
1,0247257839 
1,0248893851 


1,0191788563| 
| 1122411219] 


[1,0211331585| 


1,0232545483} 


| Amounts of 11] 1 


&c. 
10252166659 
1,0253503453 
1,0255440509 
15025707782) 

150258715406 
1 30260353247 

1,0261991349 
I,026362971} 
1026526833 
1,0266907215 
1,02685 46374 
1,02701857% 
1,9271825456 
1,027 34653 
1027510350 
1,927 6746046 


| 1,02.7 $33676 


1,02.80027746 
1,028 1668989 


1,028331049% 


1 0284952261 
1,028659429 

1,023823650} 
1,0289879137 
1,029152199} 
1,0293165031 
1,0 294808371 
1029645197 


1,0 298095841 
10299739969 
— — — 
1030138435 


1030631 9106 
1,03079 64591 
— — 

I 1030961039 
1,0311 256216 
l ,031 290244) 
1,031454993) 


1,0185282578 


— 


10250530124 


1,031619569! 


Val 


1,030 3929014] 
I ,930467399 


9... d& 65S a+. .ae, co _—_R 
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r 


1 


9 
196 
197 
198 
199 


200 


— 


201 
202 
203 
204 
205 
206 


Amounts of 11. 
. 


10317842709 
1, 0319489990 
10321137534 
150322785341 
150324433410 
10326081742 
10327730339 
1,0329379198 
1,0331028321 
1,0332677706 


1,0334327355 


207 
208 


209 
210 


[211 
1212 
213 
214 
215 
216 
217 
218 
119 
220 
221 
122 
123 
224 
225 
226 


2271, 369030889 


128 
129 
230 
231 
232 
733 


34 
35 


10359103719 


1,0335977268 
1,0337627444 
1,0339277883 
1,0340928586 
1,03425795 52. 
10344230782 
10345982275 
10347534033 
10349186054 
10350838338 
10352490887 
150354143699 
1,0355796775 
10357450115 


150360757387 
10362411719 
10364066116 
10365720776 


1, 0367375701 


10370686342 
10372342039 
10373998041 
150375654287 
10377310798 
150378967573 
1,03 80624612 


B 
Þ 
2 
236 
237 
238 
239 
240 
241 
242 
243 


245 
246 


247 


248 


249 


250 
251 


253 
254 
255 
256 
257 
258 
259 
260 


＋— 


261 
262 
263 


264 


265 


1266 


267 
268 
269 
270 
271 
272 


274 


10382281916 


275 


244 


252 


273 


&C, 


1,03385597318 
1,0387255415 
1,0388913778 
1,0390572405 
1,9392231298 
10393890454 
1,0395549876 


1,03 97209563 


10398869515 
10400529732 
10402190214 
10403850961 
150405511973 
12407173250 
15408834793 
10410496601 
10412158674 
10413821012 
I,0415483616 
1,0417146485 
1,041 8809620 
1,0420473021 
1,0422136687 


1,0 238006 18 
1 5464815 
10427129278 
10428794007 
10430459001 
1,0432124261 
1,0433789787 
1,0433453579 
1,0437121637 
1,0438787961 
1,4 4045 4551 


1,0443788529 
1,04454559183 


Amounts of 11/, 


1,0333939484 


| 


1,0442121407 


| 
4 


1,0447 123572 
1,0448791493 315, 


277 
278 
279 
222 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 


þ 


— 


Amounts of 11. 


1,0455446584 


-1,0463814768 


&c. 


1,0450459680 
1,0452128133] 
1,0453796853 


1,0457 135092 
1,0458804611 
1,0460474 397 
1,0462144449 


12043485333 


10467156206 
1, 0468827325 
10470498711 
10472170363 
10473842283 | 
1,0475514469 
150477186923 
„0478859643 
10480532631 


294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
421 
312 
313 


314 


1, 0492251025 


31.1] 


1,0482205885 


1,0483 879407 
150485553196 
10487227252 
1, 0488901576 
1,0490576 166 


„493926130 
150495601543 
10497277204 
150498953132 
10500629327 
10502305790 
10503982521 | 
1,05056595 9 
10507336786 
1, 05090 14320 
1,95 10692 121 
1,0512370191 
1,0514048529 


I,0515727134 | 


Days 


334 


333 


1, 0352724336360 1,0591542411[ Il 


311 
150545987903 356 10584781199 Til 
1,0547671608|2<7 |1,0586471097 | 8 
3448355382 338 70588161265 

1,055 1039824359 ,058985 17032 


844116036715 393233389“ r2U 
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— Amounts of 11. Y Amounts of 11. Amounts of 1 

< | &c. x. KC, 21 Fe, 

316 1851748 339 1,0556094165| 362| 1,0594924636 
317{1,0519085150|349| 10557779484 | 363] 1,0596616134 
313 f1,0520764559|341|1,0559465071| 364] 1,0598307 
319 |1,0522444237| 342 | 1,0561150927| 365} 1,06 

320 1,0524124133[343|1,0562837053| —| — — 
321 | 1,0525304397 | 344 | 1,0564523448 Pr FR 

322 1,0527434880| 345 70386210112 N —— 
323 10 0529165631 346 1,0567897045 The Among Ml + 
324 1030846650 347 10569584248 = of 1/.at6jwiM: 
325 |159532527937| 348 |1,057+271720 53 on 

326 [1,0534209493| 349 119572959594 _Z Fer Months i 
327 |1,0535891317'350 1,0574647472| 1 (,904867550 
328 |1,0537573410 351 | 1,0576335753| * (1200975079408 
329 ,1,05392557711 352 , 1,05378024303 | 3 ore 
3200438410333 179713122 4 7796126 
331 1,05426 213001354 1,058 1402211 | 3 , 1,024 5759394 
332 1,0544304467 [333 1,0583091570 | | 1,0295630“ N 


1034774460 
* „03961 o 070 
1, 044670665 
| 1,04975 36501 


1,054865 38 


I 06 


The Uſe of this Table is.1 
Years, in finding the Amount 


— — 


given Sum 


ſed Number of Days Leſs than 4 exe. 


| Example. I. Suppoſe it were required to fond the Amount 
. > © e Sc. 8 
The Amount of 14. for: 210 Days ib 1,408 Bec. per Tb 


Then 1,0340928 X. 375 = == ah Sc =3871 1% 


which is the Amount required. 
And the reſt of the Variations may be perform'd juſt asin 


3751, for 210 Days, as.6 per Cent; 


Examples of whole Years, 
Bur if the Time given, conſiſt of Tears aud 


As Quarters, Months, &c, Then Reduce the Odd Tims rengl 
| found of the Year into Days; and the Apſwer may th 
fund at Two 0 Operations E in che 


— 90 — — 


„ „% „„ „„ * 363232 


all reſpects like thr of whol 


following Example. . 


for any prope 


Firſt 
Twe 
Ther 
* 0! 


br 0, 


Tt 


parts of a | 


rec 


oo — 


P 


r ä 


— — | 11252 — —— 
Chap. 12. Of Compound Intereſt, & c. 265 


Example 2. Suppoſe it were required. to find what 2651. would 
Amount to in Five Tears and 135 Days, at 6 per Cent. &c. 


2 ears is 1,3382253 &c. 
Firſt the RIO l for 1151 Days is 1, 21785 Sc. 
Then 1,3382253 X 1,1783 K 2651, = 362,355232 Ge. 
being the Amount or Anſwer require. | 
Or, if the Amount and Time are given, To find the Principal ; 
Then Multiply the Amount of 11, for the Years, and the Amount 
of 11. for the Odd Days together; And by their Product Divide 
the given Amount, the Quotient will be the Principal required. 


Example 3. What Principal will Raiſe a Stock of 3621 . 7. 14d. 
Or 362, 355232. in 3 Tears and 135 Days, at 6 per Cent. Se. 


Den 5 Tears is 1,338225 Ge. 
The Amount of 14. for 4 a5 Days is 1021785 Sc. 


.. en 1,3382253. X 1,0 1785 = 1,367378 &c. the Diviſor, 
0 Next 1367378) 362335232 = ( 2651. the Principal 
Again, if the Principal, and its Amount are given, To find 
be Time, at 6 per Cent. &c. you muſt Divide the Amount by its 
oo Princip el, and then proceed as in the Third Example Page 256 


for the Anſwer require. 

Bur if the Amounts and its Principal, with the Time of its 
being at Intereſt are given, To find the Rate of Intereſt; Then 
proceed as in the Fourth Queſtion Page 255 Oc. | 

Now in order to make this Table of Amounts for Days, uſe- 
ful for all Rates of Interoſt ( before in that for Tears) you muſt 
Firſt find the Simple Intereſt of 1/. for one Day, both at the 
given Rare, and alſo at 6 per Cent. And call their Difference x. 
Thus, Suppoſe. the given Rate were 8 per Cent. per Annum. 
Firſt 100: 8 ;: 1: 8 And 10: 6: : 1: 0,06 the 
Two Simple Intereſts for one Year. | 
Then 365) og (o, oo 1917 Sc. the Simple Intereſt of 11. 
or one Day at 8 ger Cent. 3 
ind 365) 0,06 ( 0,00016438 Ge. the Simple Intereſt of 1“. 
"or one Day at 6'per Cem. 

Their 282 0,00005479 =x which may do indiffe- 
rely well for ordinary ſmall Queſtions ; Bur where Exactneſs 

i required, it will be conVerffent to make Uſe of this Proportion: 


} ind 
all 
ime 
chen 


EA M m Viz. 
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— — 


Is to the Tabular Intereſt of 1. for one Day:: Sois 
the Simple Intereſt of 1/. for one Day, ar es given 
Rare : To a Fourth Number, 14. | 


That is, 0,00016438 : &,0001 F965 :: 0 ee; e eo iat 
Then o, ooo2 1286 — 0,001 5965 . ,90605321 = = , 


This x being Involved with the teſpectiye Amounts for 
Days, in the ſame manner as was done with thole for Nerz, 


As the Simpl N for one Day ar 6 ger Cent, "x 
Viz. 3 


(vide Page 258) the Reſult will be rhe Anſwer to the Queſtion, 


Seck. 2. Annuities, Or Penlons in ak Computed” & 
| Compound Intereſt. 


Wen Annuities, &c.. are faid to be in Al eBags 10 | 


And I ſhall here make uſe of the ſame Letters to repreſent the 
ſame things as before in that Page, ſave only that R is bete 
equal the Amount of 10. as in Section 1. of this Chap. | 

Suppoſe « = the Firſt Tear's Rene of any Annuity with- 
our Intere#t. 


TS r the Fir#t Tear s Rent, and 
Then will N. - u 3 Intereft ; More the 24 Tear's Re, 
— | the Amorne of the 1 
And RRu + Ru + n =. Rents, with e e . 
the 3d Tear's Rent, &c. 


Here RRu -+- Ru -L = A the Amount of an y Darh Ren 
or Annuity, being forborn "Three Tears. Ard from hence 35 


be deduced theſe Proportions. . 


Viz. u: M:: X: RRu Re * AAR and Gionins 
for — Number of „ by e, wherein the 
Laſt Term will always be @Rf—*: 

Conſequently A - iR the Sum of all che Antecedens 
And A— u tlie Sum of Tall the Conſequents in the 

And thereſore ir will be *: 2 : MS 2 4: 25 
Vide Page 188. A 

Ergo er toe 0 beng Diviged 
by 1, will become A — u = RA — uR*, 


From this Laft So af will be eaße to Raiſe the ll 
ing Theorems, 


R p : 


a” 


Algebza. 112.9 40 Haga 
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— ————— 


i ee 
gheozem 3. J . s. It this Equation be con- 
tinually Divided BY R, until nothing Remains, the Number of 
thoſe Diviſions will be . See Page 255. 
Lai 

4. Again * N22 — If this Æjuat ion be Re- 
ſolved into Numbers, according to the Method propoſed in 
gect. 3. Chap. 10. the Root will ſhew the Value of R. 


Queſtion 1. F 3o/. Nearly Rent, Or Annuity, &c. be forborn 
(viz. remain 7 ) Nine Tears ; What will it Amount to, at 6 
per Cent. per Annum Compound Intereſt. | 
Here is given #==30 #=9 And R=1,06 To find 4 
Per Theorem 1. | | | 

R? = 1,689479 By the Table of Amounts for Years 

* 20 —=u 
q Ru = $0,684370 
| N — 230, | 

I W*—1 = 0,06) 20,684370 (344,7395 244/147. 94d =A 
the Amount required. 
Aueſtion 2. What Yearly Rent, Or Annuity, &c. being fot» 
born Or unpaid Nine Tears, will Raiſe a Stock of $441 . 145 91d 
= 344, 7395 41 6 per Cent. &c. 


Here is given A = 344,7395.t=9.AndR=1,06 To find 1. 
Per Theorem 2, | 


AR = 344,7395 X 1,06 = 3$5,42387 


4 : — A — 3447395 
nN — 1 = 1,689479 — 1 = 0,689479) 22,68437 (39=4 


dens WF Dueſtion 3. In what Time will 30l, Nearly Rent, Raiſe 4 
aries. Prock, Or Amount to 344! . 14s 9d. allowing 6 per Cent 
ir the Forbearance of the Payments. 


Here is given # 30 A= 344,7395 And R= 1,06 
Lo find 2. Per Theorem 3. : % 


WE AR+ A= 365,42387 + 30=344,7395=50,63437 
on 1 u= 30) 30, 68437 ( 1,689479 N. Then 


%) 1,689479 (1, 323848 And1,06) 1,5393848 (1,50363 
s on until it become 1,06) 1,06 (1, which will be at 
eu- Divifeon ; therefore . 2g. 

| Mm 2 Or 


Ch01 
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2 1.689479 being ſought in the Table of Amon: 
for Tears, will be found to ſtand Over-againſt 9 Tears, Which 
is the Time required. | & via 


Queſtion 4. If 3o/. per Annum, being unpaid Nine Ter, 
will Amount to 3441 . 14s 91d. allowing 8 Intereſt 
for every Payment as it becomes Due; What muſt the Rate of I. 
tereſt be per Cent. &c. | | | 


Here is given 2 =30 A= 344,7395 And e=9 To find 3 
| 41333 
by the Laſt of the Four Æguations above, Viz. 1 2 R= * 


A . ya hk A-u 4 1444 
Firſt —= „ — 11,491317 And — = 10,491317 


Hence there is this Æqu ition 11,491317R — R? = 10, 49131 


Let | 1 |r-j-e =R And ſuppoſe r=1 0 

1 & 9|2 |r? Tore 36r'ee = N | | 

1, in Num. 3 | 11,491317 -|- 11,491317e=11,4913178 . 

2, in Num. | 4 1,000000 -- 9, ooooooe - 368 = N 5 

3 — 45 | 10,491317-1-2,491317e—36ee= 10, 9130 K 
62 | 6 | 36ee 2, 491317 

6— 36e| 7 | e = 0,06 &Cc. 


3 As may be eafily Try d hl 
Firſt v . n 75 gd = 1,06 = R 4 volving' it, and Qrdering it, 
eo, | as the Equation above dirt 


Sed. 3. To find the pꝛelent Mozth of Annuities, Penſion, 


Or Leaſes, &c. at Compound Intereft. | Ti 

Let P = the preſent Worth of any Annuity; or Leal, & 
and the Reſt of hf Letters as before. a 1 75 Tf 
Them, from what has been ſaid in Section 3. Chap. 11. aboWor : 

Purchaſing of Annuities, &c. at Simple Intereſt, it will be E 
to Form the like Theorems here at Compound Intereſt, vi £ 
Combining Theorem 1, Page 266, And. Theorem 1. Page ear 
into one Theorem, * Inte 


The Amount of any Yearly Rent being b 
E — 
For uR — — A 4 pid any Number of Tears. Per het FIC 
Int rem 1, of. the Laſt Section. Per 


The' Amount of auy Principal or Sum | 


And PR = A < ing put to Tntereft, for the ſame Numa 
of Tears, Per Theorem 1. Page 110 2 
neee eh 


— 


7 


Chap.” 12. of Compound Interelt, 2 : 269 | 


"X: ang 
fes it follows, That PRt= 1 Vir PR- +1 PR'=u _ 


being the very ſame Æquation with that in my Com dium of 
Algebra Page 112 which is there Raiſed from the pen — 
of Purchaſing Annuities, or Taking of Leaſes, Se. to 


ed upon a Rank or Series of Geometri cal Proportionals 7. «evo Iz 
ally Decreaſing. Thus I is the Fir and Greate# Term ; 


R the Common Ratio of all the Terms; And P is the Sum 
of all the Serien. 


Tack : ouSoo lun tru a 
That is, RR M RAR M R * * 1 
until the Laſt T. * Then * P — be the Sum 


* | 
of all che Antecedents, And P— — will be the Sum of 
all the e Therefore it will be.” 1 | 
1 u u 
. h Ra NP 3 
1 1 Or (in the ſame Ratio) : R P — 27 P R 


which produces PR E= AR =PR*—u, As above. 
From this F may be Deduced theſe 0 Theorems 


| * 5 
Theozern I. 0 Tbedzem a n= Jen EN R =p KI 


N La Ks PRA 


Theozem 3. 475 PPR divided by K will give t. 


Theozem 4. 42 — = FN Od R. The Reſolving 
of this Eguation, will diſcover the Value of R. 
Duetion 1. t 5 3ol. Tear y Rent, to continue Seven 


lears, Worth in ready Money ; allowing 6 Cent. Compound 
Intergft to the Purchaſer. Y 1 


lere is given 4 . f . And 8 Tek. 
1 


ber Theorem i. Viz. * ddr = = 19,9517. 


jnd 32 _— 19,9517 = — 10 19433 9 
Then 


270 e A 1 85 all 


Then 8 1= 250 10,0483 (1 67,471 3229 = 19 9, ix 
being the Anſwer required. 


Dd 2. What Annuity | or Yearly Rent, 0 ** 
Dat may) be Purchaſed for 1671 . 9 5d. | NE Io 
Cent. Compound Intereſt to the Purchaſer 5 

In this Nueſtion there is given P = 1674716 * t=7 
hes: R=1,06 Jo ſind a. By the Second Theron, 


Firſt , PR* x RN 251,8153 * 1,06 = 266,9242 

And — FPR = 167,4716 X 1,530363 = 251,B193 | |, 
Then Rf —1 = ©0,50363 ) FOOT iy => 

That is #= gol. the Anſwer required. 

Rent, For 1671 . 9. 5d. allowing 6 per 2 

Intereſt to the Purchaſer 2 


Here is given P — 67,4716 ; 1 0 And = 1,06 To 
find :. Nn ; R 


Firſt P+4=167,4716-430= 197,716 
And —PR=177,5199 
_ Then/ 19,9515) 30 = (1,30363=8 
Ie this 1,3 0363 = _ = Rf be either Continually Divided by 
1,06 R. until nothing Remain (As before in Page 255, ) Or 


if it be ſought in the Table of Amounts for Tears, &c. it will 
diſcover "7 == 7 N is the true Anſwer required. 


Aueſtion 4: Suppoſe | One ſhould ive 167 . 9s . 54. fa 
the Purchaſe of 4 Pe ion, or Annuity of 30ʃ, per Annum, to Con- 


tinue Seven Tears ; At what Rate of Intereſt, per Cent. would tba 
Purebaſe be made, allow 3 pond Interejt to the Purchaſer ? 


In this kb there f. is WAY Pi 67,471 6 . u=30 And 25 
To find R Per Nea 4. 


The 4th A] is this /£quation 3 = NANA 


Which being brought intq Numbers, and its Root Exrractad, # 
in the 4th Queſtion of the Laſt Jection; the 355 of R wi 
be found 1,06. . VIZ, K = = 1,06. 
And then it will be, 1 : 6,06:: 100; 6 the Rate per Cem 
as was required, * 242 2M. 2 ©. WER 

* The 


Queſtion 3. How Long may One dive. a of Fey Tear 


nt, Compound 


Clup-1t2. O of " Compound! Intereſt, Kc. E 


Theſe Four Queſtions, Include all the Varieties that chm be pro- 
poſed about Purchafing Annuities or Leaſes, &c. which are to be 

either unmediarely Enter d V Or! in Foſſefion at the JO 
when the Purchaſe is made. 

But ſuch Queſtions, as relate to Ame Or Taking of 
Leaſes, &c. in Reverfion, muſt be parted or Divided into Do Te 
diftintt Queſtions, each to be ſeparately Conlider'd by ir ſelf 
(See Page 25%.) As in rhe following Examples. 


Example 1. 90 uppeſe it were required to Compute the e 
Worth of 751. Teal Rent, which & not to Commence or be Enter'd 
upon, until Ten Tears hence ; and then ta Continue Seven Tears 
after that 1 ; at. 6 per Cent. &c. Compound 1 Intere#t, 


The Firſt Work in this Queſtion, is to find what 75). FM 
um, to Continue Seven Tears, is Worth in ready Money ; as if 
it were to be i enter d upon: And to perform that, 
here is given, u = R= 1,06. And e£=7. To 
ind P, As in the Firſt Wiſin 0 this Section. 


* —_ = athr= 49/8793 404 77 45.8793 = 25,1 207 


N * 
en, R— 1 = 0,06) 25,1207 = 1 6783 =418/. 13490 24. 
15 i Anſwer to the Firſt Parr of rhe Queſtion, _ 


Then the next Work will be, © fad what Printipat or Sue 
ing put out Ten Years, at 6 per Cent, &c. will Amount o 
8]; 82357 64 1 = 418,6783 R =1,06 
nd += 10, To find F. Per Theorem 2. Page 254. 


bus R*=1 290847) 418,6783 =A (233,7884=2331.155. 94. 
5 8 per Annum in Reverſion Secs as was 
Ju N _ ( 7 " 


Example 2. What ; Or Hol Rent to be Entered . 
241 n Tears hence, and then to Continue Seven Tears, may be Pur- 
Weed for 2331 . 158 . 94. REI IOC, e 
a, ay impound Intereſt 2 7 


wil In the it Work of this Queſt. Gee is given, Þ = 223,884 
=1,06, And r = 10 {the Time which the \Annitity 1 ww oy 


Cent Hofe ben) To find © Fer Theorem 1. Page, 254. 
ele, PN 225 7756047 418714 =3 the 
1 3 Amount 


fo 
Con- 
that 
? 


+= 
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Amount of 2331 . 15s . 9d. put to Intereſt Ten Tears, ar 6 
per Cent. &c. Then for the Second Work of che Queſtin 
there is given P == 418,678 3 R= 1,06. And 2 
( the Time that the Annuity # to be Enjoyd) To find u. de 
Theorem 2. of this Sefion;. © 1 0 
Thus | PR*xR=418,6783X1,50363X 1,06 = 667,3095 % 
* PR = 418, 6783 * 1,0363 = 6292372 

| OO Rf— 1 = 0,50363) 37,7723(75=u 

Thar is, # = 751 the Yearly Rent required by the Queſtion. 
Theſe Two Examples of finding P and u da fully ſhy 
the Method that muſt be uſed in Reſolving rhe Two General, anl 
indeed, the moſt Uſeful e about Annuities, or Leaſes 
in Reverſion : And if there be Occaſion, either the Rate, or the 
Time, viz, R, Or , may be found by a due Applicanm 
of their reſpective Theorems. . 


Note, That which hath been done in the Two Laſt Seftim; 
about Annuities or Nearly Rents, &c. at 6 per Cent. may alſo 
done for any Rate of Intereſt, by applying the Difference of the Rat 
( viz. x) As directed in the Firſt Sefttion of thy Chapter 


Now becauſe that Rents, and Annuities, &c. are uſually pai 
either by Quarterly, or by Half-yearly Payments, and the Metl 
of Computing them by the Pen, may be thought a little Im 
bleſom ; I have Inſerted the following Tables of rhe Amn 
of 11. for Each, at 6 per Cen. 


Amounts of IL. Amounts of 17. Amounts of 


» 


S n 


=|ar 6 er Cent. Sat 6 cent. Eat 6 per Cen 
1 2 . 1 5 — — c. Compound 
> 2 Intereſt. . -1 Intereſt. * 8 Intereſt. 
5 10215630141] 111,3777875592 1 1,843790351 
2 | 1,06 12|1,4185191122| 22| 1,893829855% 
-- 3|1,9913367949 | 13 134604548127 | 23 | 1,95441799) 
41,236 :| 14|1,5036302590| 24 | 2,1219647 
5 [421368170926 | 151 1,5480821017 | 25 | 2,97168300 
6 1,1910116 16 | 1,3938480745 | 26 | 2,132928260! 
72262260228 17] 1,6409670276 |, 27 | 2,195 984948 
8426247696 | 18 |1,6894789589 | 28 | 2,26090399 
9| 122997995842. 19] 127394230493 | 29 | 233774300 
1011,3382255776] 20|1,7908476965 | 30 2,396553193 
rn ** 7 2 . 


uart 
Vw ive 
* 
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Fre ; Quarterly Amounts. 


| 


» o| Amounrsof 1. , | Amounts of 10. , _| Amounts of 1/.| 
5 at 6 per Cent. oF ar 6 per Cent. Sat 6 per Cent. 
+ &c. Compound Kc. Compound 2 2] &c. Compound 
Iz Intereſt. I S|Intereſt. Il Intereſt. 
1,0146738461]2111,3578624938 |41|1,8:71263199 
1,0295630141|2211,3777875592 421, 8437905523 
1,0 4467066344231, 3980050019431, 8708460509 


1,06 24 |[1,4185191122|44 | 1,8982985583 
1,07535542769 [25 [1,4393342435-45 | 1,9261538989 
1,0913367949]26|1,4604548127|46|1,9544179853| 
1,1073509032[27 |[1,4318853020[47 |[1,9830968140|- 
1,1236 281, 3036302590482, 0121964718 
1,1400875335|29[1,5256942978 | 49 | 2,0417231330 
1,1568170026 | 30 1,53480821017 |50|2,0716830644 


1,1737919574 | 31 |1,5707984203 | 51 | 2,1020826228 
1,191016 32[1,593838480745| 52 | 2,1329282601 
1,2084927856 |33|1,6172359557|53 | 2,1642265211 
1,22622.60228 | 34 | 1,6409670276| 54 | 2,1959840433 
1,2442194748| 35 |1,6650463253| 55 2,2282075801 
1,26247696 [|36|1,6894789589 | 56 | 2,2609039557 
1,2810023527 [37 [1,7142701133 | 57 | 2,2940801123 
1,2997995842 [38 |1,7394250493 | 58 23277430912 
1, 318872643339 |1,7649491048 | 59 2, 3619000349 
13282255776 [40 1, 908476963 [60 | 2,3965581931 


ee 


Either of theſe Tables may alſo be made Uſeful for any pro- 
ſed Rate of Intereſt ; by making the 1 Or + of the Diffe- 
ence of the Rate = x. &c. | 
As for Inſtance, Suppoſe any of the aforeſaid Queſtions about 


Imuities or Rents, &c. were to be Compured at 8 per Cent. 
er Annum. ; 


Then 1,08 — 1,06 = 0,02 & for Tearly Payments; as before 
Conſequently 2) 0,02 (o, ot = x. for Half Tearly Payments. 

Or 4) 0,02 { 0,005 = x. for Quarterly Payments. 
Now theſe Values of x. altho they are not really true, yet 
ey may ſerve indifferently well for ſmall Rents ; As I have al- 
ady ſaid, page 265. But if you would work exactly, 


hen 4/1,08 = 1,0392304845 &c. 
— VI, os = 1,0295630141 vide Table Page 272. 
Difference = 0,0096674704q—=x for A Nearly Payments. 
| n And 


$193 


3 


Err — 8 
0 > * 9 * 3 
„ e eee 


as v7 OG 


And /: / 1,08 = 10194263092 gc. 
"= 4/:x/ 1,98 ="1,5145733461 See the Laft Table; © 
Their Difference 0,0047524631 = x. for Qureerly Payments, 


Theſe are the true Valnes' of +, which being Involved with 
rheir reſpective Amounts (as before for Tears, &c.) according az 
the Queſtion requites, the Reſult will be the Anſwer at B per Cen, 
Kc. The like may be done-for any other Rate, either Greaty 
or Leſs than 6. Which being a little Conſidered of, will be 
found very eaſie in Practicſſce. 9.19 

Thus far concerning ſuch Annuities of Leaſes, 8c. that ar 
Li mitted by any Aſſigned Time; and tis only ſuch that can be 
computed by Theorems or certain Raule, However it may no 
perhaps be Une cceptable, to inſert a brief Account of fame E(i- 
mates that have been Reaſonably made, by Two very Ingeniou 
Perſons, about the Proportion, or Difference of Mens Lives, ac 
cording to their ſeveral Ages; which may be of good Uſe in 
Computing the Va nes of Annuities, or taking of Leaſes ſu 
T eee, 

Sir William Petty in his Diſcourſe, made before the Roy! Socith 
(Anno 1674) concerning the Uſe of 7 79725 Mꝛopoztion, i 
rhe Lite of Man and its Duration; ſaith, That its 24 51h Exye 
ence there are more Perſon Living of between 16 and 26 Tear 
Old, than of any other Hye Or 'Decade of Years in the whot 
Life of Man (viz. 70 or 80 Years). H Reaſons for that /þ 
ſertion T ſhall Omit; but ſuppoſing: it True, he thence Jufer; 
Thar the Roots of every Number of Men's Ages under 16 (who 
Root is 4) compared with the ſaid Number 4, doth ſhew the 
Proportion of the Eikelihood of ſuch Men's reaching the Age d 
70 Years. 63-4 | [00 | 

As for Example, "Tis 4 Times more Likely, that One of 16 
Tears Old ſhould live to 70, then a New-born Babe: Ti} 
Times more Likely, that One of 9 Tears Old ſnould attain if 
Age of 70, than the ſaid Infant, &c. wand de 

On the other hand, Fis 3 To 4, that One of 25 Nan 


will Die before One of 16: And 6 To 5, chat One of 3M "* 
will Die before One of 25. And ſo on according to the Ru Di 
of any other declining Age, compared with ( 4,6): the A Mc 
of 21 , which is the Near of Perfection according to the Senſe q Tir 
our Law, and the Age for whoſe Life a Leaſe is moſt Valuable kg 

2. The Ihgenions and Great Mathematitian, Captain Edmw A 4 
Halley, (In Philoſoph. Tranſaft. Num. 196.) deth with great f e 


diſiry and Shi, draw an Eſtimme of the Proportion of 1 
: | FSS oC; | Ives 


Ma . 4 1 7 118 10 
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Lives, from the Monthly Tables of the Births and Funerals in 
Breflaw, the Capita! City of the Province of Sileſia ; Or, as the 
Germans Call ir, Schlefia. © Whence he proves, That it's 80 
Tot a Perſon of 23 Nart Old will not Die in a Tear : That 
Man of 30 Near Old may reaſonably Expect to Live 27 or 
ee yoni 40 fra fs noqu baba zi Led 
Now from theſe and the like Proportions (he juſtly Infers, 
that) the Price of Inſurance upon Lives ought to be Regulated, 
there being a great Difference beth the Life of a 5 of 
20, and One of 30. For Example; Tis 190 Tor, that a Man 
of 20 Dies not in A Year, And but 38 To 1, for a Man of 
50 Yearsof Age. And upon theſe allo depends the Valuation ot 
Annuities for Lives: For it is plain, that the Purchaſer ought to 
Pay only ſuch a Part of the Palue of any Annuity, as he hath 
Chances that he is Living. | - 
And for that Purpoſe he hath taken the Pains ( which was net 
4 littie) ta Compute the following Table, that ſhews the Value 


of Annuities for every Fifth Vear of Age to the th. 


Age Tear's Purchaſe [Age Tear's Purchaſe Age Year's Purchaſe 
1 10, 28 253 12,27 — 40 9,21 

5 13,49, 30 11,72 . | 55 8,50 

10 13,44 | 35 11,12 60 7,60 

15 13,33 25 16,77 8 6,34 © 
[201.1 12,784 "43h 9991 oof 532 | 


— hs. DB _— 


The ſame Ingenious Gentleman proceeds on, and ſhews how 
to Eſtimate or find the Value of Two Lives, and then of Thrte 
Lives, which being too Long a Diſcourſe to be recited here, 1 
have, for Brevities ſake, Omitted it; And ſhall only add this 
ſerious Obſervation. | aa SIT 

Viz. How Unjuſtly we Repine at the Shortneſs of our Liver, 
and think our Selves Wrong d if we attain not to 01d Age 3 
whereas it appears, that the One Half of thole that are Bon- 
Die in Seventeen Yeir's Time. For by the aforeſaid Bills cf 
Mortaliry at Breſtaw, it was found, that 1238 were in that 
Time reduced to 616. So that inſtead of Murmuring at what 
we Call a ſhort Life, we ought to account it as a great Blel- 
ing rhat We Have Survived, perhaps by many Vears, that Period 
of Life whereat the One Half of the Whole Race of Mankind 


Nu 2 Set. 
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Sekt. 4. Of Purchaſing Free-hold or Real Eſtateg; 


at Compound Intereit. _ 
All Free-hold or Real Eftates, are ſuppoſed to be Purchaſed ot 


Bought ro continue for Ever (viz. without any limited Time]; 
Therefore the Buſineſs of uting the true Value of ſach 
Eſtates, is grounded upon a Rank or Series of Geometrical Pro. 
portionals Continually Decreaſing ad Infinitum. 


Thus, Let P, u, R, Denote the ſame Data as in the 


laſt Section. Then the Series will be, 2 2 27 ˙ 2 
K . D 
and ſo on in 2 until the Laſt Term = 0 Then will P 
1 


(viz. P) be the Sum of all the Antecedents. And 21 
will be Re Sum of all the Conſequents ; Therefore it wil 


be, r —F which produces PR —u=? 
W. 


is 2 ford theſe following Theorems, 
Theozem 1: "RS p.=s; EIS. * 1 =? 


Theozem 3. 1 = R. 


Example. Suppoſe a Free- hold 1 of 751. Yearly Rent unt 
to be Sold; what n it Worth, allowing the Buyer- 6 per Cent 
Se. Compound Intereft for his Money ? 


In this Queſtion there is given u = 75 .R = 1,06 To find P. 
Per Theorem 2. Thus R—1=0,06) 75 =u 120 2 
the Anſwer required. And ſo for any of the reſt as Occaſion 


requires. But if the Rent is to be Paid, either 15 Wagen, Ot 
Half-Yearly Payments; 


Then R=, for Half- Tearly 
And R — VI, o6 for Quarterly Ferse, 


ee for Nearly 
Or 995 8 08 for H A at 8 per Cent, 
R =4/: 4 1,08, for Quarterly }.;> 25 


The Like is to be. underfiged for any other, propoſed Ag 
Inter et either Greater, Or Leſs than 6 per Cent. | 91 


The Application of theſe Theorems to — is o ve 
Ealie, that irs needleſs to infert more Examples. AN 


4 1 


—_— nn ___ nd * — 
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| PART III 


CHAP 
Of Geometrical Definitions, &c. 


Se#. 1. Of Lines and Angles. 


I. Point hath no Parts : That is, a Geometrical Point is 
not any Quantity, but only an aſſiznable Place in any 


oy "5 


Quantity denoted by a Point: g 

. oak B. 
Such a Place may be conceived ſo infinitely Small, as to be void 
Length, Breadth and Thickneſs ; And therefore a Point may 
de ſaid to have no Parts. 


| P. 1450 | 
„ 2. A Line is Called a Quantity of One Dimenſion, becauſe 
on t may have any ſuppoſed Length, but no Breadth nor Thickneff, 


deing made, Or repreſented to rhe Eye, by. the Motion of a 
Pont, 4" | | * : 
Thar is, If che Point at 4 be Moved (upon the ſame 
lain) to the Point at B, it will deſcribe a Line, either 
Vgbe, Or Circular, (viz. Crooked) according to its Mot ion. 

Therefore the Ends or Limits of a Line are Points. 


3. A Right Line, is chat Line which Lyeth Ev'n or Streigbht 
erwixt thoſe Points that Limit its Length, being the ſhorteſt Line 
mat can be drawn between any Two 3 
ats, As the Line AB. ; 92 4 * | 
ver Therefore between any Two Points, there can lie, or be Drawn, but 

ne Rabe Line. 1 > | ; | 
AN A 
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4. A Circular, Crooked or Tor Oblique Line, is that which Liz Lin 
bending between thoſe Points which 
Limit its Len 4 As the Lines CD, „ 
Or F G „ 7 C 2 s 4 F ; 
of theſe kind of Lines chew are Fe I D 
earious Sorts ; but thoſe of the Circle, „ >= 
Parabola, Ellipf s, and Hyperbola are 
of moſt general Uſe in Geometry ; of Which a r Account 
ſhalt be given further on. 


lie equally Diſtant from one another. 

in all their Parts, viz. ſuch Lines as | ———=' 

being Infinitely extended (upon the / eee, 

ſame Plain) will never meet; As the e 
c 


Lines AB and ab, Or CD and cd: 


5. Parallel Lines, are thoſe that 4 
a 


towards another, whether they are 
Right Lines, or Circular Lines, will A 
(if they are Extended) meet, and 
make an Angle; the Point where 
they meet is called rhe Angular Point, 

As at A. And according as ſuch 
Lines ſtand, nearer. or further off 
each other, the Angle is ſaid ro be 
Leſſer or Greater, whether the Lines 
that include the Angle be Long or 
Short, That is, the Lines Ad, 

and Af include the ſame Angle as '4 B, 124 AC; doth ; 10 
withſtanding that AB is Longer" chan Ad, &c. 


6. Lines not Parallel, bur Intlining (viz. Leaning ) ont 
3 


7. All Angles included n Right Pls are cal 
Rigbe-lin 4 Angles ; and rhoſe included between Circu/ar Lin 
are called Spherical Angles. But all Angles, whether Right-lit 
or Spherical, fall under one of cheſe Three Denominatitu 


A Right Angle. 
| Tan ene Angle, 6 


8. A Right Angle is that Which is 13 bewin 
Lines that meet one another ö | 


— — 
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That is, When a Rigbe- line 
as DC, meets with another D 
Rigbe- line as AB, ſo directiiy 
as that it neither Inc/ines nor De- 
clines to one Side more than the 
other, but 2 the Angles on | 
both Sides of x:equal, as at x, x; 2 
Then are chal Angles called <1 -— 2 —— 
Right Angles ; and the Lines fo x 
meeting are {aid to be Perpendicular to each other. 

Thar is, AC and CB are Perpendicular to DC, as 
wellas DC is to either or both of them. 


9. An Dbtuſe Angle is chat which is Greater than a Rig be 
Angle. Such is the Angle includ- 


ed between the Lines AC and B 
3 ag 
10, An Acute Angle is that 4 yo — 


which is Leſi than a Right Angle; 1 
As the Angle included between the Lines CB and CD, 


Theſe Two Angles are generalh called Dblique Ingles. 
\þ Sed. 2. Of a Circle, Sc. 


Before a Circle and its Parts are Defined, it will be convenient 
to give a Brief Account of Superficies in general, 


1. A Superficies or Surfate is the upper or very Our-ſide 
ff any viſible Thing. But by Superficies in Geometry, is meant 
only ſo much of the Out. ſide of any Thing as is Incloſed within 
(2 Line or Lines, according to the Form or Figure of the Thing 
e gned; And it is produced or formed by the Motion of a Line, 
ns a Line is deſcribed by the Motion of a Point; thus: Suppoſe 
de Line AB were equally Mo- B 
ed ( upon the ſame Plain) to C D; 22 — 


1 


hen will the Points at 4 and B = — 
| ſcribe the Two Lines AC and Cc == 
WD; and by fo doing they will 
In (and zncloſe) the Superſitieg or Figure ABCD, be- 
- Ws 2 Quantity of Two Dimenſions, viz. it hath Length and 
readth, but not Thickneſs, | Conſequently the Bounds or Limit 
a Superficies are Lines, 

oo NEL Note, 


Th 


"8 
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Note, The Superficies of any Figure u uſually Called its Arg, 


2. A Circle is a Plane Regular Figure, whoſe Area is boundel 
or limited by one continued Line, called the Cirtumkerenee 
Or Periphery of the Circle, which may be thus deſcribed d 
drawn | (163. 

Suppoſe a Right Line, as C B, to have one of it's Ex. 
tream Points, as C, ſo fixt upon any | 
Plain, as that the other Point at B may 
Move about it; Then if the Point at B 
be Moved Round about, (upon the ſame 
Plain) it will deſcribe a Line equally Di- 
ſtant in all it's Parts from the Point C. 
which will be the Circumference or Peri- 

bery of that Circle; the Point C will 
* it's Center, and the contained Space will be it's Area, 4 
the Right Line CB, by which the Circle thus deſcribed, i 
called Radius. 


Conſectary. 


From hence tn Evident, That an infinite Number of Right Lin 
may be drawn from the Center of any Circle to Touch it's Peripher, 
wich will be «ll equal to one another, becauſe they are all Radius! 

And with a little Confideration it will be eaſie to conceive, thi 
no more than Two equal Right Lines, can be drawn from any Point 
within x Circle to touch it's Periphery, but from the Center mh. 
(9. e. 3. | 


3. Equal Circles are thoſe which have equal Radius's ; i 
its plain by the laſt Definition, that one and the ſame Rudis 
7 05 CB) muſt needs deſcribe equal Circles, how many ſoeye 
they are. 


4. The Diameter of a Circle, is D 


Twice it's Radius jan d into one Right 
Line, as AB drawn through the 
Center C, and ending at the Periphe- | 


zy on each Side, That is, the Diame- 


ter divides the Circle into Two equal 
Parts. 8 ä 


5. A Semicircle ( viz. Half a Circle) is a Figure includ; 


between the Diameter, and Half the Periphery cut off by dl 
Diameter; AS ADB, © 1e e * 


Of | Definitions, dc. 28x 


— 
Chap. 1. L 
4 A Nuadzant is Half a Semicircle, viz, one Quarter of a 


Circle; and it's made by a Radius 
(as DC) ſtending Perpendicular up- D 


on the Diameter at the Center C, ä 
cutting the Periphery of the Somicirele 
in the middle, as at D. Therefore a 4 


Quadrant, or Half the Semicircle j the 
Meaſure of a Right Angle. 


7. A Cho2d Line, or the Subtenſe 
Jof an Arch, is any Right Line that cuts | 
the Circle into Two umequal Parts, as the Line SG ; and is 
always Leß than the Diameter. | 


8. A @:gment of a Circle, is a Figure included betwixt 
the Chord and that Arch of the Periphery which is cut off by the 
Chord: And it may either be Greater, or Leſi than a Semicircle ; 
As the Figure SMG, or SDG, 9458 


9: A Decca is a Figure included between Two Radius's of rhe 
Circle, and that Arch of it's Periphery 
where they touch, as the Figure ACB, 
ind the Arch AB is the Meaſure 
of che Angle at C, included berwixt 
he Radiuss AC and BC. 


net 
2 
D 

bet 
ut 


Note, Al Angles of Sectors are called 
Ingles at the Center of a Circle, © 
1 10; An Angle in the Segment of a Circle, is that which is 
J 


ncluded between Two Chords that flow from one and the ſame 
XV eine in the Periphery, as at D, and met with the Ends of 
other Chord Line, as at. F G: 43's 
That is, che Ang/es at D, at F, and at G, are call- 
d Angles at the Poriphory, or Angles fanding on the Segment A 
Circle, SE 6 
Selk. 3. Of Triangles. 
There are Two Kinds of Triangles, viz. Plain and Spherical ; 


mt I ſhall not give any Definition of the Spherical, becauſe they 
re Immediately relate to Aſtronomy. | 


1. APlain Triangle is a Figure whoſe drea is contained 
vichin the Limits of oe © Right Limes called Sides, including 
yy Angle: 3 And iy nay Ye” Dna," apt 
U er 8 — 


takes its Name 


ww - — 259 
* 


de its Sides or Angles, * 
— | lh By 
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1. By its Sides. 


2. An Ecuilateral Triangle is thar 
which hath all irs Three Sides equal, as 
the Figure ABC. | 
That is, AB = BC = AC. 


ds go. teu 


3. An Jſoſceles Triangle is that which 
hath only Two of its Sides equal, as the Figure 
Third Side BG may be either Greater or Leß, 
as Occaſion requires. 


4. A Scalenons Triangle | 
is that which hath all its Three | 
Side: unequal ; ſuch as the Fi- 
gure FRM. endo 


2. By its Augles. 
5. A Right-angled Triangle, is 
thar which hath one Right Angle; 
That is, when Two of its Sides are 
Perpendicular to each orher, as C A 
is ſuppoſed ro be, ro B A. Therefore 
the Angle at A, is a Right Angle. 5 
Per Defi. 8. Se. i. . <a. A 


Note, The Longeſt Side of every es ras ag Triangle ( 
BC) M called Hypotenuſe, and the Longeſt of the other Two Sid 
which include the Right Angle ( A) = called Baſe. 1 


Keen .- 


Third Side ( CA) + called Carbetu or Perpendicular. III 

6. An Dbtuſe-angled Triangte is that which hath one Me 

its Angles Obtuſe, and its called an Amblygonum Triangle. Su 

is the Third Triangle HKM. ; 
T | » — ä = f ö 4 

7. An Acute angled Triangle is chat which hath all its 46 


Acute, and its called an Oxygonum Triangle; Such are the F 

and Second Triangles ABC, and B. 

Note, All Triangles that have not a Right Angle, whether gc 

are Acute Or Obrufe, are, in General Terms, called Oblique Tig. 
| | 2 12 


* ; ik. 
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gle without any other Diſti ntion, as before, And the Longeſt | 
Side of every Obli mo Triangle, # uſually called the, * ; the ot her 
Two are only called Sides, or Legs. 4s 


8. The Altitude, or Yeight of any 
Plain Triangle, is the Length of a Right 
Line let fall Perpendicular from any of 
its Angles, upon the Side oppoſite to 
that Angle from whence it falls; And 
may be either within, or without the 
Triangle, as Occafion requires, being 
denoted by the Two prick d Lines in the 
Aunexed Triangles, 


ect. 4. Of n Sided Figures, &c. 


1. A Square, is a plain regular Firure, 

whoſe Por; is Limited 8 wY — A | B 
all Perpendicular one to n That is, | | 
when AB. = BC = CD PDA. [* 
and the 4ngles A, B, C, D are 4 5 
all equal, Then its uſually called a Geo- D 3 
merical Square. 3 Gs 


1. A Rhombug or Weed lids — 
ere, is chat which hath Four equal 

Sides, but no Right Angle. Thar is, 
a Rhombus is a 2 Moved out of its 
le 


"- 


Right Poſition, as the Annexed Figure. 


3. A Rectangle, Or a 5 og Parallelogram { often 
A alled an Oblong, or Long Square) BT 21 
is a Figure that hath Four Right "© | | 


Angles, and irs Two 41 27 oſite Fees 
equal, viz, BCE=HDand BH=CD. ,& SEE 


1+ A Bhomboides ,..is an Oblique-angled  Parallelogram. 
at is, it is a Pafallelogram f | 
Moved our of its Right gur, 5 88 P RI 
like the Annexed Figure. In - 
5. The Altitude ar Height of any Oele Parallel- 
gram, 2 either of the Rhombus, or | 
ee oides, is a Right. Line ler fall 3 
bee, from any Angle upon thge 
e Oppoſite to that Angle; and it may A497; 
ber iieither be within or wichout the Figure. 
is the prickd Lines in the Annexcd 


Are. Per © 0 2 All 
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6. All Fur Sided Figures, which 
differ from thoſe before mention d, 
are called Trapezias. 5 

That is, when they have neither l 
Oppoſite Sides, nor Oppoſite Angles 
equal ; As the Figure ABCD. þ 


7. A Right Line drawn from any Angle in a Four Sided N. 
gure, to its oppoſite Angle, is called a Diagonal Line, and wil 
Divide the Area of the Figure into Two Triangles, being dena 
by the prick'd Line AC in the laſt Figure. | 


8. All Right-lined Figures that have more than Four Side 
ate called Polpgons; whether they be Regular, or Irregular, 


9. A Regular Polygon, is that which hach all its Sid 
equal, ſtanding at equal Angles ; And is nam d according to the 
Number of its Sides (or Angles); That is, if it have Fre 
equal Sides, its called a Ptutagon; it Si equa! Sides, its ca 
led a Yeragon ; if Sever, it is a Yeptagon z it Eigbe, ita 
Ottagon, &c, Ai ti en 7 


Note, Al Regular Polygons may be ihſeribed in a Cirele, Ila 
, their Angular Points, how many ſoever they have, will al juf 
zouch the Circle's Periperiphery. | Bi ee 


10. An Irregular Polygon is that Figure which hath many 
unequal Sides ſtanding at unequal Angles | 9984 
(like unto the Annexed Figure, or other- 
wiſe); And of ſuch kind of Pohgont 
there are infinite Varieties ; But they 
may all be Reduced to Regular Figures, by 
drawing Diagonal Lines in them, as ſhall 
be ſhewed farther on, | 


Theſe are the moſt general and uſeful Definitions that concen 
Plains or Superficial Geanaerry. oo i i xa 
As for thoſe which relate to Ss/i2s, I thought ir convenient 
to omit giving any Account of them in this Place, becaule the) 
would rather Puzzle and Amuſe the Learner than Tm;rove him, 
until he has gained a competent Knawledge in the moſt Uefa 
Theorems concerning Superficies, for then thoſe Definitions ma) 
be more eafily Underſtood, and will help to form a clearer 1466 
Sj refpefzve Solids, than "tis poſſible to conceive of them 


ll 


Chap. | Of Delmitions, & c. 28 5 


—— 
— > —— — 


Se. 5. Of ſuch Terms as are generally uſed in Geometry, 


Whatſoever is propoſed in Geometry, will either be 
a Pzoblem, or a Theozem. | 
Both which Euclid includes in the general Term of Propoſition. 
A Pꝛoblem is chat which propy/es ſomething to be dene, and 
elates mote Immediately to Prattical than Speculative Geometry ; 
; hat is, its generally of fuch a Nature, as to be perform'd by 
ſome known or common received Rules, without any regard had 
ro their Inventions or Demonſtrations, | + 


A Theozem is when any common received Rule, or any New 
Propeſit ion is required to be Demonſtrated, that ſo it may from 
thenceforward become a Certain Rule to be Rrlied upon in Pra- 
dice, when Occaſion tequires it. And therefore ſeveral Rules 
are often called Theorems, by which Operations in Arithmetich , 


and Conciuſion in Geometry are perform d. 


Note, By Demonſtration * underſtood the higheſt Degree of 
Proof that human Reaſon ij capable of attaining to, by a Train 
of Arguments, deduced or drawn from ſuch 2 Axioms, and 
other Self-evident Truths, as cannot be denied by any One that con- 
fiders them. | 


A Cotollaty, Oc Conſettary, is ſome Conſequent Truth 
drawn, or gained from any Demonſtration. | | N 
A Lemma is the Demonſtration of ſome Premiſi laid down, 
or propoſed as a Preparative, to obviate and ſhorten the Proof of 
\ the Theorem under Conſideration. 


A Scholium is a brief Commentary, or Obſervation made up- 
on ſome precedent Diſcourſe, | | 


N. B. I adviſe the young Geometer to be very perfect in the De- 
cen finitions ; viz. not to reſt fatified with a bare Remembrance 
a of them, but thit he endeavour to gain a clear Idea or Un- 
nen e derſtanding of the Things defined. And for that Reaſon I 

bade been fuller in every Definition than j uſucl. 


— 


a... _ 
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CHAP. II. 


The Firſt Ruvdiments, or Leading and Preparatory 
P2oblems in Plain Geometry. 


In erder to perform the following Problems, the young Geomete 
ought to be provided with a Thin Streight Ruler, made either g 
Braſs, or Box-wood ; And Two Pair of very good Compaſſes, vi, 
one Pair called Three Pointed Compaſſes, being very Uſeful fy 
drawing of Figures or Schemes, either with black Lead or Ini, 
And one Pair of plain Compaſſes with very fine Points, to Meaſun 
and ſet off Diſtances ; Alſo he ſhould have a very good Steel dm. 
ing Pen: And then he may proceed to the Work with thus Cantini; 
That he ought to make bimſelf Maſter of one Problem before he under. 
#ake the next. That u, he ought to underſtand the Defign, and, « 
far as he can, the Reaſon of every Problem as well as how to do i, 
and then a little Practice will render them very Eafie, they bein 
all grounded upon theſe following Paſtulates. 7 


Poſtulates or Petitions. 
i. That a Ri ght Line may be drawn from any one given Pu , 
do another. | Ar 


2. That a Right Line may be Produced, Increaſed, or made de 
Longer from either of its Ends, "Y 


3. That upon any given Point (or Center) and with any Ri 
given Diſtance (viz. with any Badiug) a Circle may be 47 
deſcribed, .  & $4.8 £3446 4: 2841 " 6 8 Sad + * | 
e BY 
Two Right Lines being given; To find their Sum and 
Difference, (3. e. 1.) 


Leer we giyen Lines be q A IC 
Make the ſborteſt Line, as CB. antes 
Radius, and with it deſcribe a * 
Circle; From its Center C ſer 4 y 
off the other Line AC, and i 5 C 
jon ACB with a Right Line. ITE 25 
Then will AB = AC-+ CB; "ou | 
and AD = AC — CB; as | 
was required, 


— 


5 PROBLEM H. 
To Biſſett, or Divide a Right Line given ( AB) into Two 
5 Equal Parts, (10. e. 17) 
From both End: of the given Line ( viz. 4 and B) 
with any Radius Greater than Half © ty 
irs Length, deſcribe Two Arches, that ye 
may croſ each other in Two Points, 8 


as at D and F; Then jan thoſe 5 
Point. D, F with a Right Line; Hh . B 
And it will b:/e# the Line AB v. be hgh 
in the Middle at C; viz. it will 8 
WH make 4C = CB; as was re- OH 


quired. F 
PROBLEM III. 

To Biſſett a Right-Lin'd Angle gi * into Two equal Angles, 

| | (9. e. 1. b 


Upon the Angle Point, as at C, with any convenient Ra? 
diu, deſeribe an Arch as AB; 
45 on thoſe 8 - and B, 
deſcribe Two Arches cro 
each other, i: D. Then en 
he Point: C, and D, with a 
N Right Line, andyit will biſſed the 
de h AB, and conſequently the 
Angle, as was required. 


J PROBLEM IV. 
d 4 4 Point A, in a Right Line given 4B, To make 4 
Right-Lin'd Angle, equal to a Right-Lin'd Angle given C. 
123.6. 1.) 
Upon the given Angle Point C 
deſcribe an Arch, as FD (making 
CD any Radius at pleaſure) and 
with the ſame Radius, deſcribe the 
like Arch upon the given Point 4, 
as fd, That is, make the Arch fd 
Equal to the Arch FD 3 Then jon 
me Points 4, and F with a Right. 
r 
„ 22 
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7 draw a Right Line, „ FD; parallel to. 4 given Righ 7 
| "Line AB * ſhall paß through any aſſigned Point, as at x, 

Viz, at any Diſtance required. (31. e. 1. 

Take any convenient Point in the given Line, 28 at c, A 
(the further off x the better); . 4 
make Cx Radi, and win. r th 
it upon the Point C, deſcribe 7 to 
a Semi- circle, as H Mx N. : u} 
Then make the dreh HM A th 
equal to the Arch x N; through _ off 
the Points M, and x, draw the Right Line FD, ad 10 
jr will be parallel to the Line 4 C, as was required, : 

| the 
PROBLEM VI. o 
To let fall a Perpendicular, 4 Cx, upon a given Right ii +, 


AB, from any aſſigned Point that xs not in it, as from C, 
8: TH 


Upon the given Point 5 deſcribe ſuch an Arch of a Circ] 
as will croſs the given Line 4B in | c 
Two Points, as at d, and 7; Then * 
biſſet the Dijtance berwen thoſe Too 
Points d, F (per Prob, 2.) as at K WH" 
Draw the Right Line Cx, and it 4. 4 | 1. 
will be the Perpendicular required. A 5 


PROBLEM vn. 


To Erect Or Raiſe a Perpendicular 1 the End of any giv 
8 Line, as at 3; 3 Or 9 any other. e 1 
in it. (11. e. 1.) | - 


Upon any Point (taken at an aue out of the give 
Line, as at C, deſcribe ſuch a 


Circle, as will paſt through the 
Point from whence the P eu- 
lar muſt be Raiſed, as at B { viz. 
make CB Radius); And from 
the Point where the Circle cuts the 
given Line, as at A, dram the Cir- 
cle's Diameter ACD. 7 
from the Point D, draw the Right 


Line DB, and it g will be be the paints © as 5 Was + ret 0 


— — — * 
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PROBL M Vil. | 


To Divide any given Right Eine, as AB into any ed 
Lars of Equal Parts. (10 15 6.) * 


At the Extream Points (or Ends ) of the givenT Line, 25 at 
A and B, make Two equal F 
Angles ( by Prob, 4.) continuing 
their Sides 4D, and BS 
to any ſufficienr Length ; Then 
upon thoſe Sides, beginning at 
the Points 4, and B, {er 
off rhe propoſed Number of - 
ual Parts (ſuppoſe them 5.) 
Right Lines be drawn (croff - 
the given Line) from one Point 
to the other, as in the Annexed 
Figure, thoſe Lines will Divide the given Line AB into the 
Number of equal Parts required. 


PROBLEM IX 


To deferibe a Circle that ſhall paſs (or eut ) through any Tree 
Pointe given, not lying in a Right Line, as the Points 
4, B, 


Jon the Points BA, and BD with Right Lins, then 
Biſect both thoſe Line: ( per Problem 2.) l 
The Point where the biſſecting Lines; 2 a 
meet, as at C, will be the Cenzer o. 
the Circle required. 


The Work of this problem being we X. 2 
inderftood, it will be Eafie to perform N 
the Two following ; withour any Scheme. * 


viz .1, To find the Center of any Circle given. (1:e.3.) | 

By the Laſt Prob, tis plain, that if Three Points be any where 
ken in the given Circle's Periphery, as at 4, B D, the 
Center of that Circle * be found as before. | 
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PROBLEM, X. 


Upon 4 R 25 Line given, à AB; To Arie an Equilatny 
Triangle. (1 1. 1. 


e the given Line Radius, and — . 
A i u 1 each of irs Extream __ 8 
Points, or Ends, as at A, and B, 
deſcribe an Arch, viz, AC, "and BC. 
Then joyn the Points AC, and BC 
with Right Lines, and they will make f 
the Triangle required. A 


PROBLEM XI, 


Three Right Lines being given; To form them into'a Tring 
(provided any Two of them talen together be Longer than th 
Third. (22. e. 1 Y 


Ler the given Lines Vi | 3 


Make either of the ſhorter - 
Lines, as AC, Radim, 
and upon either End of the 
Longett Line, as at A, de- 
ſcribe an Arch ; then make 
the other Line C B Radius, and upon the other End of the 
Longeſt Side, as at B, deſcribe another Arch to croſs the ict 
Arch, as at C; joyn the Points CA, and C B van 
Lines, and they will form the Triangle required. | 


PROBLEM XI. 


Upon a given Right Line, a AB; To form a Square, (46. e. 14 


Upon one End of the given Line, as at B, Eref the Po 
pendicular BD, equal in Length 
with the given Line, viz, make c: HE 
BD = A B; that being done, make 888 
the given Line Radius, and upon the 
Points A, and D, deſcribe equal 
Arches to croſs each other, asat C; 
Then joyn the Poines C A, and C D 
with Right Lines, and they will form 
the Square — 7 


ul. 


— ö wee a4 .-- 
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PROBLEM XIII 


Two unequal Right Lines being given 3 To form er make of them 
4 Right-angled Parallelogram. 


ao_—_ 
- 
o - 
1 - — 


- 


* 
19 
* 


Let the given Lines be 1 - - 52 
Upon one End of the Long- * e Ins | 
eſt Line, as at B, Ered a 2A — ;C 
perpendicular, of the ſame a 
Length with the ſhorteft Line | 
BC; Then from the Point C A— A. 7 


draw a Line Parallel, and of | 
the ſame Length to A B, viz. make DC AB. Joyn DA 


with a Right Line, and it will form the Obleng or Paralletogram 
required. s 


As for Rhombus's, and Rhomboides, to wit, Oblique - angled 
Parallelograms, they are made or deſcribed after the fame man- 
per with the Two laſt Figures; only inſtead of Erecting the 
Perpendiculars, you muſt ſer off their given Angles, and then 
proceed to draw their Sides Parallel, Cc. As before. 


PROBLEM XIV. 


Is any given Circle, To Inſcribe or Mnke a Triangle, whoſe 
Augles ſhall be equal to the Angles of a given Triangle, as the 
Triangle FDG. (2. e. 4.) He 


Note, Any Right-lin'd Figure is ſaid to be Inſcribed in a Circle, 
aßen all the Angular Points of that Figure do ju#t touch the Cir- 
les Periphery. Df 6 


Draw any Right Line (as H) ſo as to juſt, touch the 
ircle, as at A; Then make 8 0 
ie Angle KAC equal to 
Wy one Angle of the given 
Wriangle (as DEFK); And 
be Angle HAB equal to 
nother Angle of the Triangle 
4s 06 F); Then will the 
nzle BAC be equal to 

de Angle FDG. Joyn the 
6Zꝶj Cas. r 

'ght Line, and it will form the Triangle required, 


Pp 2 PR O- 


R 0 


In any given Triangle, a AB D, To deſcribe a Circle that ſhul 
h Js touch all its Sides, (4.0 4) 


Biſſect any Two Angles of the 
Triangle, as 4 and B, where 
the biſſecting Lines meet, as at C, 
will be the Center of the Circle re- 
quired ; And its Radius will be the 
neareſt Diſtance to the Sides of 
the Triangle. 


PROBLEM XVI. 
To deſcribe a Circle about any giuen Triangle. (5. e. 4 


This Problem is perform'd in all Reſpects like the grh. or 
by Biſſecting any Two Sides of the given Triengle z the Pain 
where thoſe biflecting Lines meet, will be the Center of th 
Circle required. SA Ts: „ 


PROBLEM XVI. 
To deſcribe a Square about any given Circle, (7. e. 4 


Draw Two Diameters in the given 
Circle, As DA, and EB, art 
Right Angles in the Center C; And 
with rhe Circles Radius C A, deſcribe 
from rhe Extream Points of the Dia- 
meters A, B, D, E, Croſs Ar- 
ches, as at F, 6, H, X; Then 
Joyn thoſe Points where the Arc hes 
Croſs, with Right Lines, and they HZ. 
will form the Square required. 11 12 


PROBLEM XVII. 
In any given Circle, To deſcribe the Largeſt Square it can | 
tain, (6. e. 4.) | 


Having drawn the Diameters, as D A, and EB, B 
ſecting each other at Rzght Angles in the Centexg, C, (As in 
Laſt Scheme ; ) Then joyn the Point: A, 3, D, and 
with Right Lines, viz. AB, BD, DE, EA, and cht 
will be the Sides of the Square required. 4 


PR 
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PROBLEM xx 


Upon any given Right Line, 4. AB, To deſcribe a Regular 
9 4 3 or Five Sided Polygon, Neg 


Make the given Line Radius, and upon each End of it, de- 
ſcribe a Circle, and through thoſe ; 
Points where the Circles croſi each 
other, as at G, x, draw the 
Right Line Gex upon the 
Point G, with the ſame Radius 
deſcribe the Arch HAe BD. 
Then lay a Ruler upon the Points - 
De, and mark where ir croſſes the : 
other Circle, as at F. Again, 

lay the Ruler upon the Points He, 

and mark where ir croſſes the other 
Circle, as at C. Then from the | 
Points F and C (with the ſame Radius as before ) deſcribe 
crols Arches, as at K. Joyn the Points AF, FK, KC, 
and C 2 with Rzght Lines, and they will form the Pentagon 
required. 

Va. 4F=FK=KC=CB= AB. And the Angles 
at 4, B, C, K, F will be equal, 


'PROBLEM XX 


In any given Circle, To deſcribe a Regular Pentagon, (11. e. 4: 
and 10. e. 3.) 
Or, in general Terms, to deſcribe any Regular Polygon in a Circle. 


Draw the Circles Diameter D A, and divide it into ſo 
1 equal Parts, as the propoſed 
Polygon hath Number of Sides ; Then 
make the whole Diameter a Radius, 
and deſcribe the Two Arches C A, 
and CD. If a Right Line be drawn 
from the Point C, through the Se- 
cond of thoſe equal Parts in the Dia- 
meter, as at 2, it will aſſign a 
Point in the oppoſite Semicircle's Peri- 
ber), as at B. Joyn DB with a 
Naht Line, and it will be the true 
N e of the Pentagon required, Sc. 5 


207 Clements of Geometry, Part Ill 


Theſe Twenty Problems are ſufficient ro Exerciſe the young 
Practicioner, and bring his Hand to the right Management d 
a Ruler and e wherein I would adviſe him to be ver Wil - 
Ready and Exact. nos 1 

As to the Reaſon why ſuch Lines muſt be ſo drawn} x 1 
directed at each Problem; That, I preſume, will fully and | 
clearly appear from the following Theorems ; and therefore | 
have ( for Brevities ſake) omited giving any Demonſtrations ai 7 
them in this Chapter, deſiring the Learner to be farisfied with t 
the bare Knowledge of doing them only, until he hath full 7 
conſidered the Contents of the next Chapter; and then I dou; WW: 
not bur all will appear very Plain and Eaꝗſie. 3 


al 

CH AP. III. in 

| At 

A Collection of the moſt uſeful Theozems in plain Geome Wl. 
Demonſtrated. | 8 FB! 

| | . A n pla 

Note, In order to ſhorten ſeveral of the following Demonſtrating, Wk 

it will be neceſſary to premiſe, That | in 
1. The Peri phery (or Circumference ) of every Circle (vl — 


ther Great or Small) is ſuppoſed to be Divided into 360 equd 
Parts, called Degrees; And every one of thoſe Degrees u-! 
Divided into 60 equal Parts called Minutes, &c. in 


2. All Angles are Meaſured by the Arch of a Circle deſcribed 
upon the. Angular Point (ſee Defi. 9. Page 281.) and are eſteem; 
ed Greater or Leſs, according to the Number of Degrees contain- 
ed in that Arch. 


3. A Quadrant or Quarter Part of any Circle, is always 90 
Degrees, being the Meaſure of a Right Angle ( Defi. 6. Page 281. 
And a Semi- circle is = 180 Degrees, being the Meaſure of Ive 
Right Angles, | 


4. Equal Arches of a Circle; Or of Equal Circles, Meaſure 
Equal Angles. | 


To thoſe Five general Axioms, already laid down in Page 146 
( which I here ſuppoſe the Reader to be very well acquainted with) 
ir will be convenient to underſtand theſe following, which begin 
their Number where the other ende. 


Axioms. 


— 
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6. Every whole Thing is Szeater chan its Part, 

Thar is, the whole Line AB is) p 8 5 
Greater than its Part Ac, &. 2 

The ſame is to be underſtood of Superficies and Soli ds. 


7. Every Whole is Equal to all irs Parts taken together. 
That is, the whole Line AB is equal 14. 
to its Parts AC NA + dec e + ph - My Sa B 
The fame is alſo True in Swperficies and Solids. 


8. Thoſe Things which being Laid one upon another, do 
agree Or meet in all their Parts, are equal one to the other. 

But the Converſe of this Axiom; to wit, that equal things be- 
ing laid one upon the other will meer, is only true m Lines and 
Angles, but not in Superficies, unleſs they be alike, viz. of the 
ſame Figure or Form; As for Inſtance, a Circle may be equal in 
Area to a Square; but if they are Laid one upon the other, tis 
plain they cannot meet in all their Parts, becauſe they are un- 
like Figures. Alſo a Parallelogram, and a Triangle may be Equal 
in their Area's one to another; And both of them may be Equal 
to a Square; Bur if they are Laid one upon rhe other, they 
will not meet in all their Parts, &c. 


—B— 


Note, Beſides the Character: already explained in Part 1. Aud 
in other Places of ths Tra, theſe following are Added. 


del Vz. { denotes an Angle in general, and / fignifles 
em: WM-ingles ; LO Signifies a Triangle; Q ſignifies a Square ; and 
D denotes a Parallelogram. And when an Angle is Denoted 
by any Three Letters (as ABC, &c.) the middle Letter 
As B) always Denotes the Angular Point ; and the other 
wo Letters (As AB, and BC) Denotes the Lines, or 
hide of a Triangle which include that Angle. 

Theſe things being premiſed, the young Gecmeter may proceed 
0 the Demonſtrations of the following Theorems ; wherein he 
ay perceive an abſolute Neceſſity of being well verſed in ſe- 
eral things that have been already delivered: And alſo it will 
e very Advantagious to ſtore up ſeveral. uſeful Corollaries, and 
ma's as they become diſcovered Truths; For it often hap- 


40 ens, that a Propoſitzon cannot be clearly Demonſtrated a pziori, 
veg of ir Self, without a great deal of Trouble. Therefore it 


ll be Uſeful to have Recourſe to thoſe Truths that may be aſ- 
ing in the Demonſtration then in hand. 7 


— - — 
THEOREM I. 


If a Right Line ſand upon (or meet with ) another Right Ling 
and make Angles with it, they will either be Two Right Angle, 
or Two Ang'es equal to Two Right Angles, (13. e. 1.) 


| Demonſkration. 

| Suppoſe the Lines to be 4 B and DC, meeting inthe 
Point at C; upon C deſcribe PL 
any Circle at pleaſure. Then will e 
the Arch AD be the Meaſure of ff" 2 
the , and the Arch DB _ - 7 
the Meaſure of the Le; but the : ; 2 
Arches AD + DB = 180. Go 
Viz. they compleat the Semicircle. | 

Conſequently, the Lb | L. e==180% Which wa to be provil 


Corollaries, 
1. Hence it follows, that if the {_ b=90®. then L eg 
but if L be Obruſe, then the Le will be Acute, &. 


21. From hence it will be eaſie to Conceive, that if ſeyen 
Right Lines ſtand upon, or meet with any Right Line, a 
one and the fame Point, all the Angles taken together wil 
be = 1809. viz. Two Right Angles. 


THEOREM II. 


If Two Right Lines Intexſe ( viz. cut or croſt] each other, tht 
Two oppoſite Angles wil be Equal. (15. 6. 1.) 


Demonſtration. | Ang 

Ler the Two Lines be AB, 
and DE, Interſecting each 
other in the Center C. 
Then 4. b+ {_ e=1802. 
And { Caisse. I Per Laſt. | 
Conſequently 4 b+ Le = LL 
per Axiom. 5. ; 
Subſtrat L on both Sides of 
the Equation; and ir will 
teaye e 4. 

Again 1 b-þ- Le = 180% as before ; and Le {.C=180" 
Conſequently Le LC b+ Le, Snbſtirat Le ® 
they Lc l QED, 

Cor 


— 2 — 
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Corollary. 


From hence irs Evident, that if Two Lincs Interſect each 
other, they will make Four Azgles, which being taken together, 
will always be Equal to Four Right Angles. 


THEOREM III. 


If a Rzght Line cut (or croſi) Two Parallel Lines, it will make 
the Oppoſite Angles equal one to another, (29. e. 1.) 


. — 
Chap. 3. 


Demonſtration. 


Cz 

Suppoſe che Two Lines AB, and HK to be Parallel, 
and the Right Line DG, tocur 
them both, at C and . Up- 8 /D 
on the Point C (with any N.. „ | 
deſcribe a Semicircle, and with - > 
the ſame Radiws, upon the —— 15 7 — — 
Point at , deſcribe another lac 
Semicirccle oppolire to the Firſt, © * n 


as in the Figure. Then tis 1 4 
plain, and I ſuppoſe, very Eaſie / _— 
C 


22. 


to conceive, that if the Cen- | 

er C were Moved along upon 

the Line DG, until it came to the Center at n, the Two 

Lines AB, and HX would meet and concur, viz. be- 

ome one Line (for Parallel Lines are as it were but one broad 

ine,) Conſequently the Two Semicircles would alſo meet, and 

come one entire Circle, like to that in the Laſt Demonſtration. 

and therefore the / = / x= A= ey fas before, per 
And Lm n= Lb = NA Theorem, 


Q. E D. 


the 


eL Dx 9 : Corollary, 

Hence ir follows, that if Three, Four, or never ſo many 
aralle] Lines are cut or crols'd by one Right Line, all their op- 
olte Angles will be Equal. 


THEOREM IV. 


be Three Angles of every Plain Triangle, are Equal to Two Right 
Angles. e, 

Wequently any Two Angles of any Plain Triangle, muſt needs 
ee thay Two Right Angler. (17. c. 1.) 


Q4 | : Demon⸗ 


1800 


oroll 
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—ů— —— 
Demonſtration. 

Let the A ABC be propoſed; draw the =_ Line HR, 
Parallel to the Side A B, juſt rouch- at iþ 8 X. 
ing the Vertical Angle Cu And up- 91 in tis, 
on the ſame Angular Point C, de- We AY; 1. 5 A W 


ſcribe any Semicircie, and produce 5 
the Sides AC, and BC to its 
Periphery. 'Then will Lig L, 
An . and 8 * 2 c, 
Per Last en 

Bur C b+ LL a + 4 x = 1809. or Two page 
Conſequently LB L Aj LC =180?; 

Q. E. D. 


t Angles, 
er cm ö 


Corollary, 


Hence it follows, that the Two Acute An les of every ry Rig 
angled Triangle, are Equal to a Right Angle or 90. 

Conſequently, it one of the Acute Abeles be given, the orhe 
15 alſo given; viz. 90? — the given £ leaves the other FE 


THEOREM E 9k 


F one Side of any Plain Triangle, be continued or ered * 
or out of the Triangle; the outward Angle will always be 
to the Two inward Oppoſite Angles, (32. e. 1. ) 


C_ 
ETC > en > wv amt... ©. 


Demonſtration. 


Ler the Side 4 B of the ABE be produced ot 
the A, ſuppoſe ro D, Gc. 


as in the Figure. Then | th 
LJ LAN LC, forthe | | 
L CC xi= 1800. Per 4 Nx 


Theorem 1. 5 | 
And the I. BLA PE = 1802. — 
Therefore £- B+ LT LAN LA LC. rene 
Subſiratt LB on both Sides the guat ion, and it will les 
LX LAT LT. (Per Axiom d,) ] D 

Conſequently, the out ward Angle (at 3) of any Plain Tria 
muſt needs be greater than either, of the * * ite Ang 
Viz, A or os (16, e. 1. * 


7 0 ole. re 12. 80 

HFlence ir follows, Thar if One of any Plain me 
be given, the Sum of the other Two les is alſo Ben 
33g? = the given — = the gther Twq . 


. k T 1 
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THEOREM. VL 


In every Plain Triangle, Equal Sides ſubtend ( vlz. are Oppoſite to) 
Equal Anglen (I. ) 
Conſequently, Equal Angles are ſultended by Equal Sides, (6. e. 1.) 


Demonſtration. 90 4 
Suppoſe the A BCD to be an I/oſce- 
let ; Thar'is, ler: BC = C D. Biſ- 
ſect the L C, or (which x all one) make 
CA Perpendicular to BD; then will 
the L L on each Side of it, viz. L BAC 
and LDA be Right Angles. 
1 — O 
Therefore J 7” ee 50. J Per Corel, to Theorem 4. 
Conſequently 2 L C+LB=34 CI-LD Per Axiom 5- 
ner hract LC from both Sides of the £quation, and it will 
kave LB = LD. Per Axiom 2. QE. D. 


Corollary. 


From hence it follows, that the Three Angles of an Equilate- 
a Triangle, are Equal one to another. 


THEO RE M. VII 


n every Plain Triangle, the Longeſt Side ſubtznds the greateſt 
Angle. (18. pa, 5 75 
mſequently, the greateft Angle of any Plain Triangle, i ſubtended 
by the Longeſt Side. (19, e. 1.) 


This Theorem is evident by Inſpection only; For ler one of 
e dides of any Plain Triangle, as C B, 
produced, ſuppoſe to E; joyn DE 


ih a Right Line; Then tis evident. 
lat 160 CE is now made Longer / 
lan the Side BC, therefore the L at B 


is become Larger than it was before 
the . BDE; and its plain, be 
mer the Side C E had been made 


— \ ' tx 
© Lat D. would have been the 
F. G ora 


ö . : 
* "3% * 
* 
1 ore Inl 
« SH 
% * * "= d * 9 * 
« D F 
* % ® 
0 4 \ ak . 
. 


8606 


Qq2: 


„„ ** — I" 


* 
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THEOREM VIII. 


F the Sides of Two Triangles are Equal, the Angles Oppoſite h 
thoſe equal Sides will be Equal; (8. e. 1. 


The Truth of this Theorem is evident by the Two included 
Triangles in the 6th Theorem, for they have their reſpective Side 
Equal, viz. BC CD, BA=DA, and C 4 common w 
both AA. And it is there proved, That the £ oppoſite v 
thoſe Equal Sides, are Equal, Ge. which needs no further Prof, 


Note, The Converſe of this Theorem holds not true ; for the A 
gles of Two Triangles may be Equal, and their Oppoſite or ſubtend. 
ing Sides Unequal,” as will appear at Theorem 12. 


Corollary, Ain; 
Hence it follows, That AO mutually Equilateral, are all 
mutually Equiangular. And 3 
That A&A mutually Equilateral, are Equal one to another, 
(4, and 26, e. 1.) ; ER rt: 


THEOREM IX. 


An Angle at the Center of any Circle, j always Double to the duft 
at the Periphery, when both the Angles ſtand upon the ſane 
Arch, (20. e. 3.) Thi Theorem hath three Varieties or Caſt, 

Demonſtration, 

Caſe 1. Let the Diameter D A, and 
the Line DB, be the Two Lines 
which form the Lat the Peripbery; 
Draw the Radius BC, then is ' . BCA 
the Lat the Center. al 8 - 
Bur {BCA = LD LB. Per Tbeor. 35. 
And becauſe DC BC, there- 
fore LD = L B. Per Theorem 6. 
Conſequently / BC A=3 CD, ' 


08S yy mm i Ca. „ 


Caſe 2. Suppoſe the BCF at 
the Center, to be within the LB DF,,, Fr, - 
at the Periphery (as in the Annexed,' 7... — 
Figure.) Draw the 1 N DA, : 
Then the /_ BCA=2 . BDA. „ 
And the L FCA FDA N Perc gſe | 
Add theſe Two Equations together, 
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Then will BCA. LFCA=2 DAN. 2  FD4 per Axio. 1. 
But L BCA ＋ L FCA S LIE. 
And 2 BD A+ 24 FDA =2L BDF. 


Conſequently L BCF=2LBDF.' © wt py: 
| Caſe 3. Again, ſuppoſethe ( BFF , 
at the Center, to be out of the Dkk 
at the Periphery. From the Angular F 5 


Point D at the Periphery, draw the 
n A+: / FD 

hen [ FCA=2 n 
And LBCA=2 LDA per Cgſe 1. 
Subſtract this Laſt Æquation from the 
other, and it will Leave | | LIEUT 
L FCA - LBCA=2 LL FDA—27BDA Per Axiom 2. 
But CZFCA— CBCA= LFCB. And 2 LFO A2 L3D 4 
LF DB. Canſequently LFCB=24 FD B. Q. E. D. 


. = . S S & -- 


Corollary. 


Hence its Evident, Thar all Angles at the Periphery, which 
ſtand. on the ſame Segment or Arch of a Circle, or upon equal 
Arches, are Equal one to another. (21. e. 3.) 


THEOREM X, 


250 Angle i in a Semi- circle, ii 4 Right 4" Angle. (31. e. 3.) 
That 5, if the Diameter of any Circle be the Side of a Triangle, 
and the Angle * to that Side, be any where in the Cireleès Fe- 
riphery, at will be a Right Angle. | | 


Demonftration. 


Let DA be the Diameter, and 
DB A the A, then LB = 90, 
Draw the Radius BC, then is the 
CDBA=Z LD+ Ie 3 . 

For Lc BD LD and CA CA 
per Theorem 6. 

Therefore UDBA=ZLCBD+ C 34. Per Axiom 5. 


Again L DB A+ LD +i4-4= 186®: Per Theorera 4. 
Conſequently FA DN 0 fe 8 re Righc Ange, 8 E. O. 


% &? 


k » 0 l "I 
Kd -- 1. 9 


. Cor 91 


— me" A | . — mwꝛ1— —̃ 0 
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Corollari es, 


1. Hence it will be Eaſie to Conceive. thar an 
any Segment Leſs than a Semi-circle, will be Obey 


than a Right Angle. 
2. And an Angle made it any Segment Greater that ” 


ingle made 
cor Greater l 


Semi-circle, muſt conſequently be Acute. 5 
THEOREM XI. Ry 1 


15 any Right oy 0 Triangle, the Square which made of th 
Hypotenuſe, or Side 2 the Right Angle, u Equal to b 
the Squares which are e of the Sides Hin ng; the Ri pe 
Angle. (47. e. 1.) 


There are ſeveral ways of Demonſtrating this Noble an 
Uſeful Theorem; but I preſume none more Eaſie to be under. 
ſtood by a Learner, than that which I ſhall here propoſe ; And it 
order thereto, it will be requiſite to pa the followin 
Lemma . 


Lemma 


A Right Line iS aid to be 3 with a Right Lin, 
when either a Square, or other e e Parallelogram | 
made of the Two Line. 

That is, the Area of any Ri ght-angled Parallelogram, is equi 
to the Product of thoſe Numbers which exprels the N 
us Sides. | 

Thus, if 45 2 6 Inches, Oe. A 6 p 
And AC= 3 Inches; : Ks 7 
Then ABX AC = 6X3 = 18 L 
Square Inches, which is the Area of 28 | 
the ParaBelograms A 0 K Ck *. l 


m 8 K aha Reds 
If a Right Line be any-wiſe Cut into Two, Parts, the Sou 


of rhe nie Line will be Equal to the Squares i of each. 


(4. a 5 * Rectangle or Parallelogram made of both the Par 
4. e. 2 

That 1s, if the Line S, be cut into the 
Two Parts Band C Then is SSD neee 
bur if both the Sides of the Æquat ion be B (e E. 
bevetved, ir will be 35 = BY ol 2BC c he 


The 


— 3 — —————— — — — 
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THEOREM XII. | 

In any. Right-angled Triangle, a Perpendicular being let fall frm 

2 Angle a Hypothenuſe, will divide the Triangle 


into Two Right-angled Triangles, which will be both Similar « 
alike to the Firit Triangle, and to each other. (8. e. 6,) 


Note, Aff Plain Triangles are ſaid to be Similar, Viz. alike; 
when each Single Angle of one of the Triangles, ® Equal to each 
Single Angle of the other ; but if any Two Single Angles of one 
Triangle, are Equal to Two Single Angles of the other 3 The Thirl 
Angles will be Equal. Per Theorem Ja. 


1. In the Right-angled A BAC, 
Let AP be ſuppoſed P I 
cular to the Hypothenuſe BC, S 
Then CBAP Le. 

For / BAP + LB g 90: f 
And LB LC = 9go* Per — 
Corollary to Theorem 4. LG | 11 

Therefore L BAP Lc. Per Axiom 53. 
Again, L PAC. (Cg 9e. and CB + C oe 
Therefore L PAC = LB, &c. Conſequently the AA 
is alike to the A ACP; And each is alike to the whcl 
A240. 

2. Or if a Right Line be drawn Parallel to one of the Sids 
of any Plain Triangle (viz. with - I IH OY 
in it) it will cut off a Triangle | 
Similar or alike to the whole 
Triangle, Thus, 

In the A ABD, draw the 
Right Line a Parallel to tze 
Side AB; Then will the In- 42 1 
„„ , 
ADB. For a = LA, and LB. Per I 
orem 3. and D is common to both the Triangles : Ergo, © 


; I 
If Two Triangles are alike, their like Sides will be Proportiond 


| 4 

Thar is, thoſe Sides which fubtend the eau I Anpl all. -< 
this Sider which aal liz. equal Angles will be Pepe 
nal to each other; And conſequently, if any Two Triangles hal ref 


1 2 


their Sides Proportional, 
: . | bebe n | Re 


their Angles are equal. (4, 5, 6, 5 


ud. a cr. —_— »» FA 8 


- Demonſtration, 
Let the Similary Triangles in the Scheme of the Laſt Theorem, 
be here N again. 
Then it will be BP: AP:: AP: CP. According to 


this Theorem, Ergo BPxCP = APx AP. 


Demonſtration. 


Let us ſuppoſe the aforeſaid Right- Angled ABAC, cut 
through the Perpendicular AP, 
and there opened until the 1 0; 0 
Sides BA and & A y a Bs. 
one Right Line: Let the Side: - AF as 
BP Ry” CP be continued H... . ... —.—.— — of 
until they meet in E; then | 
complear the Parallelograms : : 
by drawing the Parallel Lines _: | : 
lc, HAP , GHP, and LAP, 34 r 
s in the Figure: 

Then its evident, that the AH A= ABP A, and the 
ACPA=ZACL 4A; allo that the A BE c=4 BGC, 
decauſe all their reſpective Sides are Equal. 

Iu te ABHASACLA+CHGLA= ABPA 

ACPA+ O APEP. Now if from both Sides of this 
Equation there be Subſtracted the equal AA, there will 
man IAHGLA=DOAPEP. 

Bur HLA =P, and OAP EP=APXAP. 
onſequemtly BP: AP :: AP: CP, Which was to be 


toyed. 
Or otherwiſe, Thus. 


Suppoſe the PN BAC to 

 Right-angled at 4, upon the 

Point E with he Radius 

4, deſcribe a Circle, and 

inue the Hy pothenuſe BC 

5 joyn 24 and 4D a 

th Right Lines; then will 1 

„9 BAD, be like to the © 

tiond 144. 10 70 

as all CLDAB ALD AD 2: 90% " By ConſtruRtion: 

aw A AC+LD 4 C = 90?,. Per Theorem 10. 

reſore C DARC DAC NAC L Dac. Per Axiom 5. 
+ 68? „D AC from both Sides of the Æguation, and there 

um Remain LD AB= L Es: But . AAC= whe; 

er 


n A — — | — ———ðꝑ 2 — , „ —  — — ——  —— n — — 
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per Theorem 6. And / B is common to both AA 
Therefore LB DA L BAA. Per Theorem 4. 
Conſequently AB AD, is like to B AA. 


342 5 Le bb A ce = bh, Per Theor, 1. 


Let the Sides 42 BC =h Conſequently bb = Hh — ee 
CA = c4 (Which gives the following Analog, 


Viz. b: be:: b -: b. That is, BA: BA:: BD: 34 
| Q. E. D. 


Corollaries. 


1. Hence it's evident, that in any Right-angled Triangle, a Per. 
pendicalar, being let fall from the Right Angle upon the Hypo. 
thenuſe, will be a Mean Proportional between the Segments df 
the Hypothenuſe, That is, BP: PA:: PA: PC. 


2. The Baſe (BA) is a Mean 
Proportional, between the Hypothe- 5 
muſs (BC) and that Segment of the g 


y pot henuiſe next to the Baſe (viz. BP.) 
That is, BC: BA:: BA: BP. 


5 8 
3. The Cathetus (AC) is a © : 
Mean Proportional berween the Hy- | p 


pothenuſe (B C) and that Segment of the HHypot benuſe next u m 
the Cathetus (viz. PC.) That is, BC: 40: : 40: PC. a 


1 
Scholium. | 3 
I have been more large upon this moſt excellent Theorem, in 1 


giving a double Demonſtration of it, becauſe it is ſo unive;ſd, 
Uſeful in all Parts of the Mathematicks : For the Buſinels 
. gents ( both Plain and 2 ) wholly depends upon i 
And therefore one may truly ſay, that Aſtronomy, Dialing, N 
vigation,” Surveying, Opticks, Sc. depend upon a due Applia 
tion of it. my | 

And of its Uſe in Geometry Des Cartes takes particular Notice 
as you may find in Dr. Pel's Algebra Page 65. whoſe Word 
1 Þ | 

Des Cartes, in a Letter not yet Printed, writes thus; Joy 
e ſearching the Solution of Geometrical Queſtions, I alway” 
make uſe of Lines Parallel, and Perpendicular, as much WP 
« poſſible, (he means, a many Lines 4s are Uſeful) and I confi * 
der no other Theorems bur theſe Two Þ the Sides F- 
* Triangles have like Proportion} And [ In Rectangle Tria 


Let 


Jon the Two given Lines into one 
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the Square of the greateſt Side, M Equal to the Squares of the Two 
« other Sides J. And I am nor afraid ro ſuppoſe many unknown 
« Quantiries, that I may reduce the propoſed Queſtion to ſuch 
« Terms, as that ir depends on no other Theorems bur theſe 
« Two.” | 

This I thought convenient to inſert, that the young Learner 
may ſee how the Great Des Cartes Efteem'd of theſe Two The- 
orems, vix. the Laſt, and Theorem 11, for intruth, all the prece- 
dent Theorems are only (as it were) Preparatives to theſe Two. 


This Laſt Theorem Demonſtrates the Reaſon of the Method 
uſed in finding out Proportional Lines ; as in the Fhree following 
Problems, © 


PROBLEM I. 


Two Right Lines being given; To find a third Line in Proportion 
| ro them (11.e.6,) 


Let the Two Lines be » Mi 5 2 1 
Set the Two given Lines at | D a — 
any Angle in the Point A, and J 
produce the Line AD ro C, i” N 
making BC = AD; Jom 4 — 
the Points B D with a Right B * 


Line, and draw CF Parallel to 

BD; Then will the A ABD be like the A4 CF. 
Therefore AB : BC (= AD) :: AD: DF, which is 
the Third Proportional required. 


PROBLEM II. 


Two Right Lines being given; To find a Mean Proportional Line 
between them, (13. e. 6. 


| Let the given Lines be 1} S F.. . 


* 
689 
9 * 


uz, make B C BPH PC , an 5 Ws 9 N 
upon BC, as Diameter, deſcribe 5 5 — 
a Semicircle; Then upon the Point lp 


", where the Two Lines meet, 


dect a Perpendicular to touch the Circles  Periphery, as PA, 


Rr 2 Ard 
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And it will be the Mean Proportional required. 
viz. BP: AP:: AP: PC. 


By this Problem, it is eaſie ro Conceive how to make a Square 
Equal to any given Parallelogram. (14. e. 6.) | 

For if BP be the Length, and PC the Breadth of the 
given Parallelogram ; Then will 4 be the Side of the Square, 
Equal in Area to that Parallelogram. | 


PROBLEM III. 
Three Right Lines being given; To find a Fourth Proportional 
GR | 
A— B 
Suppoſe the Three Lines 4 


upon the Longeſt Line AB. 

Ser off the next Longeſt Line 

AD, viz. make DBAB—- AD. A< 
Then upon the Point D, fer . ; 
the other Line DC at any Angle, either Right or Oblique; 
And draw the Right Line AC, continuing it a ſufficien 
Length; make BF parallel to DC; and it will be de 
Fourth Proportional required. That is, AD : DC:: AB : BE 


THEOREM XIV. 


If any Angle of a Plain Triangle be Biſſected ( viz. divided ini 
Two equal Angles ) with a Right Line (viz. As CA »/uj- 
poſed to do the Angle BCD) it will cut the Oppoſite Sia Bl 
(viz. BD) in Proportion to the other Two Sides of the Tri: E. 
angle, (3.e.6.) 1 


Demonſtration. 


Produce the Side DC, until 
C KEEP ; Joyn the Points 3B 
with a Right Line, and draw the 
Line FC parallel ro BD. 
Then will ACAFF, be like 
ro ADCA. 
For Ac F = LD, and 
& is common to both A's 
Conſequently, LXFCS CAD 
er. 


Therefore BA (=FC) : Bc (Ac) :: AD: cb. QE 


T HE 


W * =. 
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| 86 35 # & Why.» ORIN 


If Two Right Lines ( howſcever drawn) within a Circle, do cut 
each other; the Rectangle made of the Segments (or Parts) of 
the one Line, will be Equal to the Rectangle made of the Segments 
(or Parts) of the other Line. (35+ e. 3-) -: 0... wa i 
That is, If Two Lines as 4B, * CD, do cut each 

other in any Point, as at K. Then will Ax & Bx= Dx x Cx, 

7 RET GIO £2551 E 

Demonſtration. e 

Joyn the Points AC, and BD * 1 
with Right Lines, Then will the 

A Cx4 be like to the ABK D. 

Fo. L B = 4 Ca, LN. 

Per Corollary to Theorem 9. | 

And L AxC= £4. BxD. Per Theor. 2. 5 | 

Therefore it will be 4x : Dx :: Cx : Bx, Per Theorem 13. 

Conſequently, Ax x Bx = Dx x CX. Q. E. D. 


THEOREM XVI. 


If Two Right Lines, are ſo drawn within a Circle, as being conti- 
nued, they will meet in a Point out of the Circles Peri phery; 
the Rectangle made of one whole Line, and its Part out of the 
Circle, will be Equal to the Rectangle of the other whole Line, 
and its Part out of the Circle. ( 36, 37. e. 3.) 


Thar is, if the Lines 4 C and e 
DB, be continued unto the 3 ..C 
Point | f # 


Then L A x KC S DZxB . 45 e . 25 > 


. 
« '4 


Demonſtr tion. 


Draw the Lines 4 B and CD, : 5 
then will A CZ D be like to D 
he BAA, r A= OD, 


and C is common to both AA? Conſequently 
ABI = Lc. Per Theorem 4. 


Therefore AN: BX :: Dx: CA. Ergo, AX X X S DNN 


THEOREM XVI. 


from any Angle of a Plain Triangle Inſeribed in a Circle: there 
be let fall a Perpendicular upon the, Oppoſite Side (as D) 


Q. 
T HI 
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As that Perpendicular, Is in Proportion to one of the Sides includ. 
ing the Angle: So # the other Side Including the Angle: Ty 
| the Diamiter of the Circle. | | N 


Demonſtration. 


Let BCD be the propoſed A. 
From the Lat D, draw the Dia- 
meter DA; then will E A= LB, 
becauſe they both ſtand upon the ſame 
Arch DC, and L. DC 4 = 90. Per 
Theorem 1 0. Conſequently the 
ADC = BDP. Per Theorem 4. % 

Therefore G DCA is like to the e 
ADPB; and therefore | 

DP:DB :: DE: DA, Ur, DP: DC : DB: DA. QED, 


THEOREM XVII 


I any Quadrangle (that n, a Trapeʒia) be Inſcribed within | 
Circle; the Two oppoſite Angles taken together, are Equal to In 
Right Angles, viz, 180%, (22. e. 3. 


Thar is, in the Quadrangle ABCD, the LL A+ £C= i180), 
And the . B + L D =180?, 


Demonſtration. 


Draw the Two Diagonals AC, and 
B D; Then will the L BDA= { BCA, 
and the L BDC= £ BAC. Per Ce- 
vol. to Theorem 9. . 2 
Bur L ABC+ { BCA-+ £ BAC=18o0®, bs 
Per Theorem 4. 

And the LBDA-+ LE BDC= LE ADE, Therefore 
the / ABC-+ L ADC= 180“. 


And by the ſame way of Arguing, it may be proved, thi 
the L BAD+Z£ZBCD=180%, Q. E. D. | 
THEOREM XX to 


If in any Quadrangle Inſcribed within a Circle, there be dramt 
Two Diagonals, As AC and BD, the Rectangle made be 
Two Diagonals, will be Equal to both the Rectangles made of il 
oppoſite Sides of the Quadrangle. 


That is, ACX BD =ABxXCD+ADXBC. 


— EIS _ 
— 


a> —  _ P = 


[ , 
— 


w — — — —˙üꝛ.ä—— 7 a - 


—— wv. - - 


2 2 
— , —— ] T5. WET 2s = 
—_ — . - Yy * o — - - 6 o 
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Demonſtration. 


Make the Arch DG = Arch BC, and from the Points 
4, 6, draw the Line 47, and it 
will Form the A AfD, like to the 
ABC. For the FA DS LB AC 
becauſe the Arches DG, and BC 
are Equal. 6 | 

Again, the f DAS , BCA, be- 
cauſe they both ſtand upon the Arch AB. 
Conſequently, the L AF D LAI&. 
Per Theorem 4. 
Therefore it will be AC : BC :: 4D: Dy. Per Theor, 13. 

K BCxAD _ 
rgo 72 D. 

Again, the ABA f, and A ACD, are alike. For LABf = / ACD 
and L BAF = .C AD, becauſe the LFAD= L BAC. 
And the L CA, is common to both 4A*. Conſequently, 
he  LAFB= CC MDC; 
Therefore AC: CD:: AB: Bf. Per Theorem 13. 
a *" cCDXAB 
Ergo 4 =. Bur Df BF = BID. 


Conſequently, B CX AD ＋ CDX AB=BDxX AC. 
Q. E. D. 


THEOREM XX. 


All Parallelograms ( whether Right or Oblique-angled ) that ſtand 
upon the ſame Baſe, or upon Equal Baſes, and betwixt the ſame 
Parallels, are Equal one to another, (33, and 36. e. 1.) 


That is, ABC DS Ng D. 


Demonſtration. 


| Becauſe 43 C Dal, by Suppoſition. Therefore 
Aa = Bb, for Ba is common to 

both. And becauſe AC=BD, and 4 B 
the A= LB, therefore the 
AA4Ca=ABDb; and if from 
both A A there be taken the OHBxsu © 7 
common to both; there will Remain | 
pe. apexiums dB, =abxD., CD 


refote 


e of tit 
e of i 


4 


ber Axiom 5. 


oa - -0*<& IIS 


ems 


+ *4, 4 m 8 8 
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But Trapezium ABxC-| ACxD==2 ABCD:. 
And Trapeziuim abxD-+ ACzD=© abcD. 
Conſequently, c ABCD S . Q. B. D. 


Corolſary. 8 3 
Hence it will be Eaſie to Conceive, that all Triangle: which 
ſtand upon the ſame Baſe, or pon Equal Baſes, and between 
the ſame Parallels ( viz. having the ſame Height) are Equal one 
ro another. (37, and 38. e. 1.) G 
For all Triangles are the Halves of their Cireumſeribing Pa. 
rallelograms; and therefore, if the Wholes be Equal, their 
Halves will alſo be Equal. | 


THEOREM XXL 
Parallelograms ¶ and conſequently Triangles) which have the ſan 


Height, have the ſame Proportion one to another, as their Baſe 

have. (I. e. 6.) 1 41 | | 
Demonſtration. "IL | 

Draw 4 F Parallel to BG, and 4 c 

draw AB, CD, FG Perpen- 

diculars to them. 2 * 
Then will BD x AB N ACD. * 

And becauſe CDS AB, there- * 

fore ben XR. = CICDFG BD G 

But BD: DG:: BDx AB: DGx AB. | | 

And conſequently AABD: ACDG :: BD "mf * 


lth. 
— — 


* 
* 
* 
* 
*, 
- 
- 
| 1 


THEOREM XXI. 

Like Triangles are in Dupli cate Ratio to that of their Homologol 
Sides, (19. e. 6.) 

That is, the Ares of like Triangles, are in Proportion ons 

to another, as are the Squares of their like Srder. 


Demonſtration. 275 
Suppoſe the GB N : \ 
and A bed to be alike, . 554 
and their like Sides to be RY 
thoſe marked with the ſam 5 


Lerters. 


E22 ˙ ooo <2 


— OM 


C 
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kur A and a , be N to the Two Baſes D and d. 
Then 104 = the Area of ABCDY 15 
and 4d the Area of Abeds Per Lemma „ 303. 


* 20 25 2 : FT Kc. Per Theorem 13. 
Conſeq. 3 D: d:: 4: 4 | 

3 | 4|Da=d4 | 
4x 3Dd| 5 |zDDda =3Ddd4 Per Axiom 3. 
5, hence | 6 | DD: dd:: 104. da. And ſo for other Sides 


— 


Q E. D. 


— 


THEOREM XXIII. 


In every Obtuſe-angled Triangle, ( BCD) the Square of the 
Side ſubtending the Obtuſe Angle (s D) greater than the 
Squares of the other Two Sides (B and C) by a double Rect- 
angle made of one of the Sides (as B) and the Segment or 
Part of that Side produced ( a) until it meet with the Per- 


ſendicular (P) Let fall upon it. (12. e. 2.) 
That is, DD = BB +CC -+ 2B4. 


Demonſtration. 
Firſt | 1 DDS PP + aa + 2Ba ＋L BB : 
And | 2| CC=PP 4 a8 * Þ 
— 2 | 3] DD—CC=2Ba-+ BB : 
+ CC | 41 DD-=BB + CC 2.Ba r 
F755 aa Q. E. D. 


Hence its evident, chat if the Sides of any Obtuſe- angled Tri- 
gle ate given; the Segment (4) of che Side produced, or 
e Perpendicular ' (P) may be eafily found. | 


o 
* 


THEQR EM; XXIV. 


n obe N « Perpendicular ( P) be let fall in any Acute-angled 
Triangle ( BCD) the Square of either of the Two Sides 
( D) * Leſs than the Squares of the other Side, and that Side 
en which the Perpendicular falls (viz. C and B) by a dou- 
ble Nectangle made of the Side B, und that Segment or Part 
Fit (viz. 4) which lies next to the Side C. (13. e. 2.) 


That is, DD + 2Ba=BB+CC, 


* 


WS Se: 
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Demonſtration. 
Firſt | 2» { DD=PP-Lee bo ay. l. 
And | 2 Cc PPA 45 Fer Tes. 11. 5 
But 3 B a = e Per Figure, 
3 G 24 BB —2Ba-- 44 ee 
4 — 44 | 5 | BB—2Ba ee — 44 
1 — 2|6] DD CC =ee—aa | 
6s 6 1 DD — CC = BB — 2B# 
7 = 18] DD+2Ba=BB+CC _____ QED 


| Corollary. / 

Hence it follows, that if the Sides of any Acute-angled Tim 

gle be known, the Perpemdicular (P) and the s of the 
Side whereon it falls ( viz. a, e) may be calily found. 


Hr ) 

. golutin of bee ef, Problems in Pin ce, 

whereby the Learner may (in part) perceive abe Aplus 
on or Uſe of the foregoing Thiorems. © 


Note, When a Line, Or the Side of um Plain Triangle, i, 0 
way Cut into Two (or more) Parts, either by a PhepetadicalaLi 
let fall upon it, or otherwiſe ; thoſe Pati are uſually call St! 
ments; and ſo much as one of thoſe Parts is Longer than the bt 
j called the Difference of the ents. ; 
And when any Side of a Triangle, or any Segment of it. ide 
given, it i̊ uſually marked with a ſmall Line crofi it, thus. 
and theſe Sides, or Parts of Sides that are ſought, are mar led nit 
W o 


e -a 
To Cut or Divide a given Right Line (a 8) into Exti = dl 
and Mean Proportion. (11. e. 2.) * 


That is, to Divide a Line ſo, chat the Sottere of the Ov! 
Segment (or Part) 4, may be Equal tothe Re&iong/t Made 
the whole Line S, and che Leffer Segment e 


I. . by the Problemm. 186 ¹ ( 


— 


Crap. 4 Of Kielglbing woblems, 75 


— EET — 
9 ; 4 * 
* S1 
1 . 
| 48 


$13 

2 and 34 75 =S — 4 Per Axiem 5. 

4 x S 5144 SS — $2 

5+ Sa| 6 4 + Sa = SS | 

Wl 5, Fave: 7 a=Vv TE FATE — 2 §. Vide Pages 195, 196. 
Note, The la Problem cannot be truly Anſwer d by Numbers; 

\ WW but Geomerrically it may be perform d thus. 


1. Make a Square whoſe Side is & the given Line, and 
Biſſect one of its Sides in the Mid- . 

dle, as at C; upon the Point C 
deſcribe ſuch a Semi-circ/e, as will 
pals through rhe Remoteſt Points of 
the Square, and Compleat its Diameter, 


2, Then will either Part of the Di- 
meter, on each End of the Side S, be = a, the Greater 
Seement fought. 5 
For 2 -S: S:: S: 4. Per Theorem 13. 

Ergo, 44 + $4 Ss. Which was to be done. 


Moblem 2. 


be Baſe of any Right-angled Triangle, and the Difference be- 
_ the 2 and Cat hetus being given; To find the 
athetus, 8 


c TY TY 


1 0 „ 
4 | 2 d == 32 
And a = Cathetus ſaughr 


* 
20 56 
96 4 


* er ** | 
31 —.— + 244 
2da = bb — dd 1 


* 
*, 


* 9 


une 


Ko ES 


:d+-24::d;b Per Theorem 13. 
þ = As before at the ich Step. 
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Here you ſee, that either way Raiſes the ſame quation: 
Neither is there any conſtant Method or Road to be obſerv, in 
Solving Geometrical Problems ; but every one makes uſe of ſuch 


Ways and Theorems as happen to come firſt into their Mind, the 
Reſult being every way the ſame. 


Pꝛoblem 3. 


The Difference between the Baſe and Hypothenuſe of any Right-a: 
gled Triangle, and the Difference between the Cathetus and hy. 
pothenuſe 2 ng both given; To find the Triangle. 


4 = 342 

xX.= 354 
d--x+a== the Hyper. 
2 Yby theProb, 


x arge 


K„— 


Let 4 
And 
Then 


dd -\- 2da -j- aa = yy JN 
xx 2xa + aa ee 

dd-\-2dx +2da--2xa-+ xx A U Hypothen 
| dd-{-2da+2xa+xx+ 24a =yy + ee, 


The Two Laſt Steps are Equal ; per Theorem 11. Conſequent 
if thoſe Things that are Equal in both, be taken away, i 
Remainders will be Equal. Pep Axiom 2. 


Thar is, [10 44 = 24x = 1600 


10 WY 2 11 4 & = 40 | | 
1 ＋ 11 [2d ＋- 2 == = The Baſe 
2 - 11 [I3 [X ＋ 2 = 65 g e The Cathetts, 


12 LII [14] d + x + a = 97 The Hypothenuſe, 


c 
+ ©0 © 


2898 


DV Ow aA mpLwWH = 


Pꝛoblem 4. 


The Hypotenuſe, and the Sum of the other Two Sides, of any R 
angled Triangle being given; Thence to find the Sides. 


11H =97 | K * 
2] a Fe = S = 127 6 ö 


14 -- ee = HH | — 
48 + 2e + 66 = SS ——— 
1 A 
aa — 24e L ce = 2HH — SS 
2 7 — e = 2HH—S$ 


On wie w 


— ́F—— err rr nn — — + * 
Chap. 4. Of Reſolving Problems, _ 
2778 3 OSS =144 | 
e S LVH 1 
$ —73 | 9 =7 == 72 The Baſe required. 
„ S$—vVaHH-S | 
2 — 9 llole =: "oy — = 65 The Cathetrus. 


„* 


Dꝛoblem 5: 


The Hypotenuſe, and the Difference of the other Two Sides, of any 
Right-angled Triangle being given ; To find the Sides. 


Ler | i| hb 97 As before, 
And | 2] 4—e=d=7 Quere 4. 
per Fig. | 3| aa -- ce = bb | 
2 & 2 | 4| aa — 24e + ee=dd e 
3 —4| 5] 244 =bb —dd —- ; 
3 + 5 | 6| aa+24e+ee=2bb—dd -d E 
6w A f =,’ ———: 
W + 7 | 8 24=d va dd = 144 | 
8 — 7913 = 72 5 
7 — 210 20 = 2hhb—dd : — d= 130 
1 — 2|11]s = 65 2 
Pꝛoblem 6. 


In any Right-angled Triangle, either the Baſe, or Cathetus, and 
the Alternate Segment of the Hypotenuſe ( made by a Perpendi- 
cular let fall from the Right Angle) being given ; To find the 


other Segment, &cc. 


1 PR 45 The Cat betut | eee, 
And | 2| b = 48 The Alternate Seg. 

Then | 3 b:e:teta Quere a 
" BEI. 1.4] ba = ee 

Again | 5c —4a=ee Per Theor. 11. 
4, 56 b r ce — 44 
6+ aa-| 7] 4a + ba=ce — 
7, CO | 82 -t+ ba + 4bb = ce + 4bb 
8 2| 9 4a ＋ 1b N 7; 8 
9 0A =v c : - 2 27 And ſo on for , Kc. 


I ſhall 


=: 265 <= <= 
— — 
"II 


1 
. 2 
1 
: 7 4 
i +4 
\ 
wm! 
14% 
10 . 
»* 4 
. 
| 
0 
u 
f 
: 4 
| \ 
1 
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} 
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1 
2 
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1. 
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I ſhall now ſhew the Geometrical Conftrufion, or Salut ion of 
the Three Caſes of Quadratich Aquations, promifed in Page 204, 
Let the Firſt Example be that above, vi x. aa-\-ba=co, Caſe, 
Make the Co-efficient b, and the Root of the Refolvent 
(Which is here) e, into a Right» . 
angled n as hea 
12- Chap. 2. ) upon the middle 
Peint of the Side = b, deſcribe _.. 
ſuch a Semi- circle, as will paſs : 
through the Remoreſt Points (or an- 
gles ) of the Parallelogram, Com- Ne 
pleating its Diameter, as in the Annexed Scheme. Then vil 
either Part of the Diameter on each End b, be Equal to 4, 
the other Part will be 4 , And the Side e will be a Mn 
ortional between them. That is, a 6b; :: 4 
Per Theorem 13. Conſequently aa = ba =cc . Which wg 
ro be done. n - 


Pzoblem 7. | 

The Difference between the Baſe and Cathetus of any Right-angld 
Triangle, and the Perpendicular let fall from the Right An. 
— the Hypotenuſe, being given; Thence to find the Hypits 
muſe, &c. . * ; 


Let | i d=15 The Diff. of the Sides. 

And | 2] p=36 p # 
Quere a | 3] a = The Hypotenuſe. I 
per Fig, | 4 d+e: Fr 
4, IIe . Wr 

Again | 6] dd ＋ 24e-+ ce = as Per Theorem 11. 
Sz x 77] 2de + 2ee= 254 0 
6 —_ $8] dd = aa — 256 Caſe 2, | 
$0] 5 „ > i9ns 
r —=39 . .. 
wp J11| 6=p +Ydd+pp=15 &c. for e. per Step. 


Ir | 
The Geometrical Conſtruct ion of this Caſe 2. viz. aa - 2 
may be perform'd in the very — —9—Æ——95 | 

ſame manner as the Laſt Caſe ' 7:41 
was. Thar is, by makngra. „ eee, 
Right-angled  Parallelogram of _  - * SE” £ 
the Co-efficient ba ˙ 
y 4d, viz. d, Oc. as inthe *., 
Anne ted Figure. | 


a 


. 
* 
58% 


— yn en enemy anne neem 
Chap: 4. Of Kelolding P2zoblems, — 


o 
n 


F hen will the Greater Part of the Diameter to one End "# di the 

Parallelogram, be 4; und the Leſſer Part will be a — 2p. 
f 4:41:41: — 2p. Per Therrem 13. 

| Conſequently, as — 25 , dd. Which was to be done. 


1 - Byoblem 8. 


The Hypotenuſe of any Ar at Triangle, ant * P icu- 
lar let fall from the Right-angle upon the Hypotenu & ves ng 
given; To find the Greater Segment of the Hypovewſe, Bcc 


Let 1 a|}b= 7 Nr 
And | 2 | p= 36 
Then | 3|& +e +. _ Ws >< 


4 
n 
3— 416 h—a=e 
6 b— a= 
7 Xx 28 he — 46 =#þ c 
g + 9142 — ba — 
9 CO =- 2hb=43bb— pp 11,23 
e io ez ii - Vp = r, 
\ 1+2þ [12 a= + Wop= 4s Or 2 = 


The Cromtbericel ConſtraBiion of cl. . vix. en. 
be thus perform'd, Draw a 
Nele Line (of any convenient 5 


Length ar Pleaſure ) and near its Mid-. | 3 

dle Erect a Perpendicular p, viz, of Ve 1p < 

the ſame Length with the gor of che 2 Na ai 
end; From the Top Pom or up- 


per End of that ale ber off . 8 
Half the Length ax the Co- efficient, 

viz, th, and upon the Point where 4h juſt touches the Fi 
Line, ( with the ſame Diſtance ) deſcribe a Semi-cirole ; then 
will its Diameter h, be cut by the Pe ictdar - p imo 
Two Segments, which : are the Two Values of rhe Rove 4, vis. 


Ne Greater and Leſſer Roots, both. taken * EMS a 
-2P WEgual ro the Co-efficient, (vide 


a 
For h — 4: p: e leerem 18. | 
Then Ergo ha — 44 = 5 Which was do be done. 


problem 


———— — 
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Pyoblem 9. | 


The Perimeter ( viz, the Sum of all the Three hard of any Nb. 


angled Triangle, and its Area being given 3- 


each Si 


Viz. Let 


And 


E x 


_ 


[+ ©|+x 
WI de +>+> 


de. 


vo OW Gamepw n 


10 


a4 Ee Y = = 234 The Sum of the Sides. 
ae = A The Area = 2340. 


a4 - 0 = 
240 = 4A 
aa g 24e + ee =3y ＋ 4A 
4a e=s—y 

aa + 2ae + ce = 8s — 29 + Jy 
» + 44 = 5s — 29 +» 
25y = 38 — 44 = 45396 


$5 — 44 24 
r E- =97 | The pp 


„„ s | 
aa — 24e + . 
2 =7 * 


2= 1373-7 = 144 
a = 72 The Baſe. 


= yy Per Figure. 


e = 137 —72 =65 The 2 
Problem | 


10. 


In any Ri ght-angled Triangle, a Perpendicular being let fall frm 
If the Sum of each Sy- 
be given; 


« the Rig ht Angle, 
ment, 1 Added to its Adjacent or next Side, 
Thence to find each Side and the Segments. 


Viz, If 
And 
To find 


| rm 
3 & 2 
4 — aa 
2 — e 
6@ 2 
7 — ee 
33 8 
Per Fig. 
10 A 


3, „ — - 
„ g 
Tis - 


* 


3] 
4 
5 
6 
7 
8 
9 


10 


2, e, , Js and 7 


_—_ the Hypotenuſe ; 


a--u=s =108. 
e = {= 42 


u 2 24 


Thence to find 


un = $5 — 254 ＋ 44 
n 
x — . 
Kerr 
Fp 
3 NN 36 — 24 
4 *þ 2 * dots 


hal 


ae 2 1 — 2:8 - „„ 


Le 


12241 


13X27 |! 


9 -1- 14 13 


15 X 4 16 
. 


172218 


Sulfinud 19 

Then 20 
20 CO 121 
21222 


22 — & 23 
1 — 23 24 


Chap. 4 Of Belvlving Pioblems, 
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a ©. —U—— aro— — 


3| 


2740 = — 


4 N Þ xx $ — x = 48 


« +6 22 = the Eypotenaſe. 


1 — 24 
If 
. 
4 b 


eg = 


2755 — * 

a 
244 = 554 — 2548 + 2175 — 4 
2544 N + 40 — 338 = 2355 


as + —+ 144 — 4 = 28 


X=. — 214 + 


2x = — = 24 — $5 =114 

aa + 14 . = „„ 

aa + Me ar = 4- kx liel 
a + x N I xx = 105 


u = 60 = the Baſe. 
+. 
e= 3 — 21 —= 27 


5 =45 = the Catbetin. 


e Difference of the 22 of any Oblsque-angled Plain Triangle; 
rom the Difference of the Segments of the Baſe ; And the Difference 
3 between the Greater Side and the Baſe being given ; To find the 


en; Baſe, &cc. 


i= di 
And 


| 4= The Diffetence of the sides = 405. 


L db-tda+ br dd 2d 


A. e =" yon I r 375 
od = 780 = the Greate# Side. 


pntüem 11. 


= The Difference of the Segments = 495. 

X= 165 The Differ. of Greater Side and Boſe. 

4 = the Leaſt Side. 

d +a +x= the Baſe 

dA N: +24: d 
Per Theorer 16, 


2da —ba=db + bx— dd / e 
db - be A4 


IT +x=09 = the Baſe. _ A 


4.5 Gr Pꝛoblem 
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The Difference of the Sides, of any plain Triangle; the Different 
of the Segments of the Baſe, and the Perpendicular let fall fun 
the Vertical Angle, being given ; Thence to find all the Sides. 


Ler 


6 — d 


Subſtjtute 


8 


9 


| 


23 


20 


21 
22 


24 


. 


FTy'1 
44 ＋ ba + 


4 + A= b 


Problem 12. 


as before. 


leaſt Segment, - 


b ＋ 24: 4 ＋ 26e::dib 
bb -\- 2ba = dd -þ 2de | | 
2x ="bb — dd = 81000 | 

2.x -|- 2ba = 2de | 

x ＋ ba | 


ra and 


d 4 

pp - aa = ee Per Theorem 11 
xx-| 2xba -+ bbaa 85 
W ai 1 e 
xx-|- 2xba + bbaa | 
— 
xx -|- 2xba + bbaa = ppdd f ddae 
bbaa — ddaa + 2xba = ppdd — xx 
2.xaa -|- 2xba = ppdd — xx 
. | 
MK 
8 Woo 


1þb Abb Es — ix. 


2 ppdd . 


» 


Io i 
2X 


. 


3s. 7 dd. 4 EC > 3 8 
bb oo g's nb =kag 
FEET 
b -+ 24 = 945-= the Baſe. 
e= 375 = the Leſſer Side. 


The Sum of the 577 
the Segments of the Baſe, and the Perpendi cular let fall from tht 


— 


+ ww * 


d + e = 780 =' the Greater Side. 


* 
1 


Pꝛoblem 13. 


— — þ 


Two Sides of any plain Triangle, the Difference ; 


: E 
2 „„ „4 „„ Vertic 


2 K % 1 „ 4 
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Vertical Angle upon the Baſe, being given ; Thence to find the 


"7 


Pur 4 


Then | 
And 


per Fig. 1 
9 WW 2 
8 Pr 
bx 
Suppoſe 

Then 


14 — 27 
[ 
10 


15 


16 0 2 


$7 X-:.8 
[3s 
13, 19 


20 2 2X 


21, hence 
22 X 2 
2 + 23 
10, Num, 
I — 25 


4 


— „ buys rey Buy - 
rr 


16 


21 


22 
23 
24 


Baſe and the Sides. 


$1155 The Sum of the Sides. 
d— 495 The Differenceof the Segments 
p= 300 The Perpendicular, 


a= the leaſt Segment. 
e the leaſt Side. 
d + 24 = the Baſe. 


| 5 — 2e = the Difference of the Sides. 


d ＋ 23 : :: 2c; 4 


aa ＋ pp = ee 
Va e 
dd + 2da = $5 — 2e 
24e = $5 dd — Zan 
3x = 7 = of *-* 
25e = 2x — 2da 


* — da 
= 
TFF 
x — da 
, —=4 aa E p 
xXx — 21d + ddaa 
5s = 


xx — 2xda - ddaa = 5540 + App 
$5244 — ddaa - 2xde = xx pp 
2xa4a + 2xda = xx — 55pp 


aa + da —= 1x — a &c. as before. 
4 = 225 

24 = 450 

d + 24 = 945 = the Baſe. 


e = 375 = the Leſſer Side. 


* 
26 


— 


s — e= 780 = the Greater Side. 


„ 


ence Q 
"OM t hy 
ertich 


Let 1 


I 
2 


3 


Pꝛoblem 14. 


A = 1417350 = the Area. 
d 405 
b 495 

d 2 


be Area, of any Oblique Angled plain Triang e; the Difference of 
the Sides, and the Difference 7 the Segments of the Baſe, being 
given ; Thence to find the Baſe, &c. 


Pur 


Ar_ 


—— 
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. y= — the Pe ndiculay, 5 TA 
Pur 4 | 1122 the Be. . . . 
Then | 6 4 = 4 * i 
per Figure | 7 a:d＋C ze: d:“ _— 7 [ 
7 5 1 8 ba = dd ++ 2d © TE — * 
83 — dd 9 ba— dd== 2dle en 
9 @& 210 bbaa n 
per Figure 11 . = #. The Leſſer Segment of the Baſe, 
11 O 2 12 — ¶ = us 
6 X 2 13 ya = 24 
| — 24 
13 — 41417 pn 
| AA 
14@ 215 == 
| AA — 25 
per Figure 16| A un g ee _ 3 2 — ; «+5 
1 bbaa — | 2ddba | dddd __ 
10 — 4dd 17 7 2 e 
— + AA — 
16, 17 18 —— 2 — ne APW. Si 26s +h 
bba*— 2440 da 9*—2b4%+bbu 2 
18 X 44 19 add a 2444 ＋. — — 
bal 2ddba + d*aa = 16 AAdd -- dii 
19 X gdd [20| N- 2ddba? + ddbbaa 
% + zi be — dda* + d. — ddbbaa == 164M 
as 4 16AAdd 
21 — [22| % — ddaa = pn 
AAdd 
44 — ddaa -\- 4444-4 


. 
—— —— 


Pꝛoblem 13. 


There M an Oblique Angled Plain Triangle, wherain d Per 
lar # let fall from the Vertical Angle upon the Baſe ; the — 
Side, and the Baſe are given; And the Rectangle of 'the Diffe- 
rence of the Sides into 7. } caſt Side, # E qual to the Square of 


the Difference of the Segments of the 4%. 'Th required to nd 
the Segments F the Baſt, Sec. 


; Le 1 11e = 36 = che Leaf Side 


2 B= 92. = the Baſe. 

And | 3 A + ,"&— I. 

Pur | 4% = the Difference of the Sides: 

Then | 5 | cy = 4 By the Queſtion. a 
der Figure 6B: 20 ＋ 5 ::: 4, for B= * | 
6 7| Ba= 20 -+- 33 
5 X 2 | 8| 2cy = 24a 
7 — 8 | 9f Be— 24a == yy 

; 5 & 7 |10| cy = ail. 

lo - cc [II] yy — os 


+3 boo aaae 
, 1 13 Ba — 244 = =— 
12 X ce 13 ccBa — 2ccaa = aaa8 


13 — 4 |14| ccB — 2cca = aaa 
4 + ⁊coa 13 aaa ⁊2cca = ceB 
5, in Num. | 16 aaa + 62724 = 288312 


The Value of a, in this £qwuarion, may be found as in the 
xamples Page 238. viz. by putting r ＋ e=4, &c, As 
thoſe _Examples, you will find 4 = 37,55502 { Kc. 


Pꝛoblem 16. 


e Three Chords or Subtenſes of Three Arches compleating a Semi- 


circle, being each given ; Thence to find the Diameter of that 
Circle, 


That is, any Trapezium being Inſcribed in a Semi-cirele, if 


e of its Sides be the Diameter, and the other Three Sides be 
ven ; Thence to find the Diameter or Fourth Side. 


— 


Suppoſe 


=4+ the 3 Sides, 
42 ae. 
a= the Dia. — 


F Draw the Two Di- TT 
| | gonals E, and y n tnt! 


12 


5| ca ＋ bd = ey Per Theorem 19. | 5 
And 4 | - 2 Per Theorems 10 and 11. | | 
58 2| 8 ccaa ＋ 2bdca + bbdd = eeyy 
6 * 7 aana — bbaa — ddaa + bbdd = eeyy 


9 
lo} aaa — bbaa — ddaa = ccaa + 2bdca 
10 — 4 | 11| 4a — bba dda =ccca -|- 2bde 
IT 
13 


11 - cc 12 aaa — bba — dda — cca = 2bdc 
12, Num. aaa — 504 =.120 


This Equation being Solved as in Exemple 3. fe N 
you will find 4 = 8,05581 &cc. 


Dꝛoblem 17. 


In any Right-angled Triangle, the Area, pr; the Sum of th 
Hypotenuſe when Added to either Side, being given; Thence n 
find the , A | 


[TG | 
1] — = A= 1350 The Ares. | 
Suppoſe my F 
2| „ | e=5s5=120 The Sum, ec. 
8 | 3 Quere 4, e, and 2 | 
1 X 74 ae =24 
3 . 
c 
per Figure | 6 aa + ee =» 
'2 — e 7] ) = — e 
I . 
5. 7 8 . 
ria 474 444 
8 .& 2| 9] u = + = t 
5 G 210% 2 3 ; 16 
444 
to 4 aa . ee = = ＋ a4 7 


6, 9, 11 


Tas ky 2 
6, 9, 1112 R 
74 FW 

12, That is 1 49 1 — Ef 


13 K 414 aaa = $14 — 474 | | 
14 ＋ I L= 
15, in Num. | 16 144004 — 444 — — 648 


The Value of a, in this Equation, may be found as in the 
third Example, Page 241. That is, by * re ga, &ec. 
Ir » will be found that 4 = 60, 


* - * — 


Dꝛoblem 18. K e 


here 5 an Oblique-an le Plain Triangle, wherein a Perpendics 
lar j let fall from the Vertical Angle upon the Baſe ; the Sum of 
each Segment of the Baſe when Added to its adjacent or next 
Side, and the Area of the ome are end. Ts find the Fer- 
pendicular, and each Side. 


ko, 


———— , r rr 


| b= — * 
ok Leen 2390 Y. Quere 5, b, © and f 


TW k hy = 


A = the Area = 141750 

a = the Perpendicular Pught. 

)+exza= A_ | 

| . 

R 1 

„ a 

ener N Ng 

un] % Nb 

12] un 3s — 25e ee 

4133. I 24148} 3 eb 

I4| 55 — 25e = 44 

15] 4{—aa = 23) 

1665 — 44 = 25 | 

17| {= 4a __ Having found the Fave of of 4, 

— =» / from the 24th Step, e, and , 

r will be eaftly found by theſe 


s — 


o cow 


— — 


18 SES: \ / Two- Steps. And b, u by 
25 the gth and 1th Step. 
37 == „ — 48 
4. — — 
1+18 19 5 718 =y +e 


9, Y - | | 5, 19 


ö 


} 
fl 
i 
| 
l 
( 
i 


| 
1 
5 
| 


3 K ©. ® 
—— — - — 
— — — — m 


— + « 


Fig Les | | 


Then brrr + 3brre + 3bree SN: ! 
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Wh — 4 „ — 24 14 
6, 19 20 4 1 F ; 
$55 — 344 = * Fl , 
20 & 2X BY .- + ESE = 
* 8. 447 D 


21 X 22 ee = | 


22 X 4 23] $910 n A 4 = 4741 
23, Num. | 24 82 — 444 = 243000000 
4 Here = 300, found as as in in the laſt Pri 


83 __oblem 19. 


There ů 4 Richt-angled Triangle, 'mhetein a Ri as Line % 4 
Parallel to the Cathetu; there # given, the Cathetws, my 

ment of the Hypotenuſe | next to fs Cat bet, and 4 

Segment of the Baſe ; Thence to find the Baſe, &c. 


ifb=20 224 and þ = 15 
$1 EN the Baſe. -. re EN 
Here 3% +4: tm: Per Figur. 
4 2 
3 


A | Per Figure, © 
c . 5 T- 


b +a 
p ca 3 
. 3 ＋ 2b. P > 
S 
N 
* 9 | cc44=hhbbb - bbaa + zhbba = 2540 + hha4s 
X |10| 4* + 2baaa +ccaa -+bbaa—bbga-—2bbb4=00 
is [11 | 4444 L 40444 2 5 25144 — ts = gooet 


1 

For a Solution of this Equation, ler it be made T 
. 7 ſb=40.c=151 
FI re 2 4 "RY 4 => good. E=M 


1+ + arrre + Grree = 


err + 2cre A cee = ca 
Som nM. dy Gs 


Let 1 „ 


2 6 = 90000 


— — ꝛB½ —u—-—̃— — 
* — — IT * SS. 
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＋ 10000 -j- 40e -|- Gooee 
＋ 40000 ＋ 120008 +- 1 Vis 
-|- 75100 -+- 150208 + 1 ee 
— 90000 — Yyoooe 
That! is, 35100 ＋ 22020e-+ 2551iee . 99900 
Hence it will be 22020e 235 1ee = 54909 
Conſequently, $,63e + ee = 21,52 =D 
D 
And 8,63 Te — 
Operation 8,63) 21,32 (21 =e 
+ e= 2,1 20 


Then 


. Diviſor =10 1,32 Fiſt 7 = 10 
2. Diviſor = 10,7 * 1% ene 


45 &c. r | e= 12,1 u for 
a ſecond Operation, which being Involved, and Multiplied 1nto 
he Co-efficients as before; will produce theſe Numbers, 


+ 214358881 + 7086,24e + 878, 46ee 
＋ 70862, 4400 + 17569, 20 + 1452, oer __ 
＋ 109953, 9100 + 18174, 20e A 75er TT 
— 108900,0000 — .,, %% ' . 
Viz. 93352,2331 + 33829,64e + 3081/4676 = = ooo 
Here becauſe 933 52,2381 90000. Therefore 12,1 4, 
nd therefore it muſt be made e = a, which will produce 
he ſame Numbers, only all the ſecond Signs muſt be changed. 
Thus, 93352,2381 — 33829,64e + 30$1,46ee = 90000 
om whence will ariſe this Aquation, . 
+ 33829,64e — 3081,46ee = - 3352,2381 
onſequently, 10,9784e — ce = 1,08787332 = =D 
Pperation 10,9784) 1,08787332 (0,0999 = 7 
— 2 ,0999 9792 * 


a Dior 1,88 108673 rr, 
Diviſor 10 10,87 2211  —e= 0,9999 
, Diviſer 10,8785 1076232 1 — 2 12,001 = 4 


979065 
1 


Pzoblem 20. 

the obli que · angled Triangle CAD, there 5 given the Side 
A D, and the Sum of the Sides AC Te D; Aiſe within the 
Triangle there j given the Line A B. Perpendicular to the Side 

CA; Thence to find the Side CA, &c; | 

TY Let 


— — 


— — 


1 5 
4 
q 
bd 
1 
1 


S 


# A = 
— — . 
Cd 


2274183922, 
which being Divided by 2018, the cee, of the b 


330 Elements of Geometry. Par: 11 


" 
| i{ CAD = =5x SR 

Ler 41492 2 37 * % 

2 $] AB= S 21 | — 
And | 4|CA= 7, ſought ,/ 
Then $j * — 4= CD 
C | 

Suppoſe the Line DF B . | 


Parallel to AB, and CA produced to F. 
Then AC AB, and ACFD, will be alike, 


And | 6|BC : CA :: DC :CF 
But 7 BC =y/bb +; —+ 44, Let AF=e, and Foz a 
8 2 8 v bb + 44: ALL SI 4: s He 4 


g 1 i 3 
f 
5 @ 2 10% — 244 +aa= QED 
per Fig. | 11 | $1—254+ aa=aa-+ 24e--ee-- yy =QCF+O 
11 — 44 [fi — 254 = 2ae + ee -+ )» | 
But 13 dd = ee + yy = AF NF 
12 — 13 [14% — 244 — dd = 2ae | 
Let 15 2x = 5s — dd 


=a4-+—e 


he 


$544 — 23448 | at _ 3 
9 @ ij!" z = Q . 7 
Xx — 2K -- 2x44 -\- $544 — 254? XO = 7 


| 4 — 254 —+þ+ 4“ nan 

6 . bb ＋ aa on 
1s, * * 2 XX — 2x34 + 2x44 -}- $144 — 2:47 1 
h MR aa 1 


1 8 


——— 
9 


This £9uation being brought out of the — and i 
Numbers, will become, 


— 20184444 + 125409444) — 2464230,25484 + 354683 


N 
if 
iN 


Power of 4, wil 


Chap. 4- Of Reſolving. Pioblems. 
1 — a* 4% „ — 1221125 44H 27575,9697 4 = 
de = 135869,13387 5. Kc. 


And from hence the Value of a may be found, as in the 
Lait Problem, due regard being had to the Signs of every Term 


231 


This Work of Reducing or preparing Æguations for a Solu- 
tion by Diviſion, hath always been taught both by Ancient and 
Modern Writers of Algebra; as a Work ſo neceſſary to be done, 
that they do not ſo much as give a Hint at the Solution of any 
Adfected Equation without it. 

Now it very often happens, that in Dividing all the Terms 
of an Æquat ion, ſome of their Quotients will not only run into 
a long Series, but alſo into imperfect Fact ions (as in this 
Equation above) which renders the Solution both Tedious, and 
Imperfeft, 

o remedy that Imperfetion, I ſhall here ſhew how this 
Equation (and Conſequently any other) may be Reſo/ved with- 
out ſuch Diviſion or Redutt ion. ps 
Let b6=2018, c=125409, d=2464230,25 

= 35468307. And 6 = 274183922,25 


3 | 


Then the precedent Equation will ſtand thus, 
5; banana + cana — daa + fa G 


Put yr -þLe= 4 as before. 
— ol — 4brrre — 6brree = — ba* 
; ＋ erz + 3crre -+ 3cree = A ca 
ea will 3 drr — 2dre — "te = — daa 
Wo ot 3 NPY 7 
This is plain and eaſily Conceived ; The next thing will be; 
iow to Eſtimate the firſt Value of r; and ro perform that, 
et G be Divided by b, only ſo far as to determine how 
many Places of whole Numbers there will be in the Quotient ; 


nſequently how many Points there muſt be (according to the 
eight of the Equation. ) 


Thus b= 2018) G= 274183922,25 (130000 
2018 
7238 Sc. 
Now from hence one may as eafily gueſs at the Value of 72 


if all the Terms had been Divided. That is, I ſuppoſe r = 1 © 
hich being Involved, &c. as the Letters above Dire, will be 


= 


bs), 


14 


and ll 
4683 


& N 


VV 2 — 218000 


= 
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- — — — — — 
— 20180000 — $8072000e — 12108008 

| 125409000 37622700 -| 3762270 YES 

F 246423025 — 492846050 — 2464230,254e ( =E 

- + 354683979 -+ 35468307e, 9 
Viz. 213489045 -|- 15734402e ＋ 87239,75ee = 2741830 
Hence 15734402 E 87239,75ee = 60694877,25 © 
: Conſequently, 180, ze ee = 695,72 =D 


D 
Operation 180,3 ) 693,72 ( 37 
t. Diviſor = 1 146,2 Firſt „ 1% 
2. Diviſer ="T84,, 128,80 . 4 
wee e 1% =r fr 


{ 


2 ſecond Operation, with which you may proceed, as in th: Mi 5 
Laſt Problem; and ſo on to a Third Operation, if occafion te: 
quire ſuch Exactneſs. But this may be ſufficient to ſhew the 
Method of Reſolving any Adfected Aquation without reduc. 
ing it; which is not only very exact, but alſo very ready in Pn. 
ctice, as will fully appear in the laſt Chapter of this Part, con 
cerning the Periphery and Area of the Circle, &c. wherein ya 
will find a further Improvement in the Numerical Solution d 


High /Zquations than hath hitherto been Publiſhed. N 
CH AFP. V. 4 


Pradical Pꝛoblems, and Rules for finding the Superficial 
| Contents or Area's f Right-liw'd Figures. 


Before I proceed to the following Problems,. it may be con 
venient to acquaint the Learner, That the Superficies or Ares 
any Figure, whether it be Right-lind or Circular, is compi 
ed or made up, of Squares, either Greater or Leſ, according! 
the different Meaſures by which the Dimenſions of rhe Fig! 
are taken or Meaſured, | 3 
That is, if the Demenſions are taken in Inches, the Area will 2. 
be compoſed of Square Inches: If the Dimenſions are taken 
Feet, the Area will be compoſed of Square Feet : If in Yards, Ma 
Area will be Square Tards : And if the Dimenſions are raken | 
Poles or Perches (As in Surveying of Land, &c.) then the 4 
will be Square Perches, &&c, Theſe things being underſto! 


— 
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Re 
and the Definitions in the 283 ; and 284 Pages well conſidered 
will 15 to . the N Rules ve ry Eaſie. 


Pꝛoblem 3 5 


jb find the Superficial Content or Area of a Square; Or of any 
Right-angled Parallelogram. £ 


* the Length into its Breadth ; and the Produft 
Rule Til be the Area required, (See Lemma 1. Page 302.) 


Example. Suppoſe che Line AB — 6 


Yards ; And the Breadth AC, Or HF 4 dares 
BD = 3 Tards. | 4 N 

Then AB „Ac S6 * 32 E 
will be the Number of Square Yards — 
contained inthe Area of the Parallelo- C \ D 
gram A BCD. 


This is ſo Evident by the Figure only, that it. needs no De- 


monſtrat ion. 


Pꝛoblem 2. 


To find the Area of any Ohh ge ade Parallelogram, viz. either of 
C 4 Rhombus, Or Rhomboides. 


Rul Multiply the Length into its Perpendicular Height ( or 
. Ia ); and the Product will be the Area required. 


* Thar is, the Side AB x BP = the Area of the Rhombus 
ABCD. For if BP be drawn Per- 
pendiculir co CD, and AG be made 
Parallel to BP; Then will GC =P D, 
and G PCD. Conſequently A A GC 
ON BPD, and I A BGP= Rhom- 
bus ABCD. * 

Bur 4Bx BPS = ABGP. There- 
fore ABx BP; Or CDN BP = the 
Area of the Rhombus ABCD, | 


Example. Suppe ole the Side AB = 23 Inches, and rhe Per- 
MW pendicular BP = 17,5 Inches (being the 2 or weary Di- 
en 4 ſtance between the two Sides AB and CD): 

Then ABx BP=23X 19,5,= 49445 Square Inches, being 
the Area of the Rhombus required. 

The like may be done for any Rhombeides, whoſe Length and 
Perpendicilar Breadth are given, 


Hꝛoblem 


* 5 „ — — ". 
— 
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Problem 3. 
To find the Superficial Content or Area of any Plain Triangle, 


Every Plain Triangle # Equal to half its Circumſcribing Paxal. 
lelegram, (41. e. 1.) which affords the ſollowing Rule. | 


” Multiply the Baſe of the given Triangle into Half it: 
Rule q Perpendicular Height ; Or Half the Baſe into the whol WY « 
Perpendicular ; And the Product will be the Area. | 
That is, BD x CP, Or BD x CP = Area of ABCD, f 
Fer; fe = BP, 4 =EP, A E F ( 
and BC is common to both AQ, : eins enn 8 * 
therefore AABC = A BCP. : : 
And for the like Reafons ACFD * 
S gers. * 1 
Therefore ABCP + ACPD T 
—L ABD. Conſequently 3BD x CP. Or BD x CP 0l 
will be the Area of the ABCD. | 1 
Example. Suppoſe the Baſe BD = 32 Inches, and the Pa- 7 
pendicular Heigbe CP= 14 Inches. A 
Then 25 DX CP =16xX 14 = 224, Or BD x :CÞ th 
= 32. X.7 = 334- T, 
Or thus, 32 K 14 = 448. Then 2) 448 (224 = the Aru ble 
of the Triangle BCD in Square Inches, cu 
Pyblem 4. 


To find the Superfici es or Area of any Trapezium. 


Firſt Divide the given Trapezium into Two Tri angles, by 
drawing a Diagonal from one of its Acute Angles xo the Oppo- 
fire Angle; And let fall To Perpendiculars (From the other Two 
Angles ) upon the Diagonal. As in the following Figure. Then 


Multiply Half the Diagonal into the Sum of the Two 
Rule 3 Perpendiculars ; Or Half the Sum of the Perpendicular: 
* into the Diagonal ; And the Product will be the Area. 
That is, Ac x BP + ED. Or AC x :BP -+ zE D= Ares 
of the Trapezia ABC DP. o 
For the A ABC is Half its Circumſcribing Parallelogram ; 
And the A ACD is allo Half of its Circumſcribing Parale- 
tozram , As hath b:en proved at the Laſt Problemm 


Conſe 


— mmm... After Ad. 
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Conſequently, BP ED IAT. Or 13 PA 2E D X AC 
will be the Area of the Trapezium, w 
As above. 


Example. Suppoſe rhe Diagonal 
AC = 33 Feet, the Perpendicu- 
lar BP = 15 Feet, and the Perpen- 
dicular ED = 14 Feet. hen 
BP -+ ED = 29 Feet; And 
BP EDR AC SD 29 Xx 16,5 
= 478,59, Or AC, BP＋TTIED = 3K 32 = 478,5. 
Or thus, 29 & 33 = 957 Then 2) 957 (478,3 any of 
theſe Products are the Area of the Trapezia ABCD. 


| Pzoblem 5. | ; 


To find the Superficial Content or Area of 4 Irregular Polygon 
or many Sided Figure ; which by ſome OP 1 
Authors n; called a Triangulate, becauſe 
( I ſuppoſe ) it muſt be Divided into 
Triangles, as in the Annexed Figure 
43C DFG; by which ir is Evident, 
that the Sum of rhe Area's of all thoſe 
Triangles, found as in the Laſt Pro- 
lem, &c. will be the Area of their Cir- * 
cumſcribing Polygon. x: 


* — — © 
4 —— — - — - - 
— 


— — 
— — . — 


Moblem 6: 

To find the Superficies or Area of any Regular Polygon ; viz. of 
any Regular Pentagon, Yeragon, Heptagon, Haagon, Sc. 
Multiply Half the Sum of its Sides, into the Ra- 

General Rule Jos the Inſcribed Circle ; Or, Half the ſaid 


_— > 


i = — 
— ˙ wü! ̃ Gètè0U Das. 


2 6＋— ET” . DES 


R — 
1 


Radius, into the Sum of the Sides; And the 

Product will be the Area required. 
That is AB-+-BD-|-DE-1 — — K 
= the Area of the Annexed Octagon; wherein it is Evident, 
that its Area is compoſed of ſo many Equal Iſoſceles Triangles, 
as there are Number of Sides in the Polygon, viz. of Eight Iſeſce- 
les Triangles ; whoſe Baſes are the Sides of the Octagon, viz, 
AB = BD=DE, &c. And the Sides of thoſe ge, 
CA,CB, CD, &c. are the Radiw's of the Circumſcribing 
Circle ; and their Perpendicular Heights, viz. CP, is the Ra- 
Gu of the Inferibed Circle, Bur 


— 
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„ nn, 1 — 
But the Area of any one of thoſe Triangles, is 4AB KC Pp, 
Per Problem 3. Conſequently 21 1 
the Sum of all their Area's will 
be, CP into Half the Sum of 
all their Baſes ; As above, 

* This being Equally evident in 
all Regular Polygons whatſoever, 
makes the Rule General for find- 
ing their Area's. "_ 

Now becauſe it is required 
to have the Radius of the pro- 
poſed Polygons Tnſcribed Circle, 

I ſhall here Inſert (and Demon-* 
ſtrate) the Proportions that are 
between the Sides of feveral Regular Polygons and the Radius 
both of their Inſcribed and Circumſcribing Circles; the one wil 
help ro Delimiate or Preject the Polygon ( if Occaſion require 
it) and the other will help to find its Area. 


And Firſt, Of an Etuilateral Triangle. 
The Side of any Equilateral Plain Triangle, is in Proporti 
to the Nie of, eee 5 Yo ont OE 


a Circumſeribing Circle As 1 To ,f5773 a N. 
| its 4 eee Circle, i 1 10 Ne &c. 
And to its Perpendicular Height, As 1 : To o, 86602540 &, 
, AB: CD:: 1: 0,57735027 
Thar is, AB:CG :: 1:0, 28867513 
And AB: AG :: 1: 0866023540 - 


«SS & 
”, 
© | 4 — 
. 
5 * 2 S # * 
* 
* * 
E * n —y 


. Let 
Then will BG 6D 0,5 | S Drago: 
But O4B—=OBG=QAG: B..... &@ -Dilb 
Per Theorem 11. [44 A N EE; ll 4 
That is, 1 — 025 = 0,75 = HAC H Fer Th 


Conſequently, 4/ 0,75 = 0,86602540 = 4G, | | 
Then 46: AB:: 43: AH, Per Theorem 13. | 
Thar is, 0,8660254 : 1 :: 1: 1,15470054 Kc. =AH 

Then +4H=0,57735027 = 4C. Again, 4G: DG:: DG: G 
That is, 0,866025 4 © 0,5 :: 0,5 : 0, 288675 13 CG. QE. 


No by the help of the Ff of theſe Proportions." it will i 
Bake to Reſehve the following Tel, rk rok 
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problem 7. 


The Side of any Equilateral Plain Triangle being given; To ford 
| its Area. 


Example. Suppoſe the Side of the propoſed Triangle ABC 
to be 25 Inches, viz, AB = BC=CA= 25 
Firſt 1: 0,8660254 :: AB=25 :21,650635 


B 
= BP. Per Theorem 13. 
Then AP (ACA) BP the Area f 
of AABC. Per Rule to Problem 3. i 
the Area in Square Inches. : | 2 


Or this Problem may be otherwiſe <1 
Reſolved, thus. 702 
Let B= AP =JAC.,, Then 2b = FB, | 
Bur AB — GP = OBP. Per Theorem 11. 
That is, 46b — bb = 3bb= (© BP. Conſequently, / 3b = BP 
Then b4/3bb = BP 40. Viz. /b = the Area of 
the Triangle, 


Secondly, For a Pentagon. | 

The Side of any Regular Pentagon, # in Proportion to the Radius of 
177 Rae Circle, As 1: To o, 85063080 &c- 
Inſcribed Circle, As 1: To o, 688 1909s &c. 

And to its Perpendicular Height, As 1: To 1,5388476 &c. 


—— ana. _—_— N — — Z 1 


N 

AB : AC :: 1: , 85065080 B A 

Viz.y AB : CH:: 1: 0,68819096 * : i 

AB : AH:: 1: 1,533884176 | .D 4 

: Demonſtration. - ] 71 / 

Let AB=1. And draw the AR HX | 

goal, AD, AF and DG, which "nee: £ 1 
Dill be Equal to one another. Then „ E f 


i 4Gx DF: 4- AD x GF = AF x DG 

ker Theorem 19. 

onſequemtly, AG x DF = AFx DG: — AD x GF, 

That is, Q AB = AD: — ADxXGF= 1, 

ence it will be AD = 1, 61803398 

en OAD— DH AH Per Theor, 11. But DH = TAB 

N berefore V © AD A= AH = 1,3884175 

an AH: 40 :: AD : AX 4. For AAHD 
nd A ADY are alike, e 

1 X x Ergo 


— — — —_— 
— — — 


— 2 


— - * ; 
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AD 
To = AH —=24AC=1,70130161, Hence AC= o, 8506500 


But AH Ac =CH = 0,68819996 KG. QE. 5. 
From hence it will be Eafi eto 1 1 the 19 Problen, 


Problem Ho 
The Side of any Regular Pentagon being given ; To find its Aru 


Example. Suppoſe the given Side ro be 15 Inches long; ther 
it will be, As 1: 1,53884176 :: 15: 22,0826264 the Pe. 
pendiculay Height ; And by the general Ree 22,0826264 K 3 
= 165,619698 the Area required. | 


Thirdly, For an Detagon, 


The Side of any Regular Octagon, # in Proportion to the Radiu o 


1,30656296 Oc, 
1,20710678 Ge. 


is o Circunſeribing Circle, oy 1 2. To 
Inſcribed Cirele, : To 
BA :CA*c: 1 
BA: CP :: 


ee 
1. 1,20 710578 | 


Demonſtration. 


Draw the Right Line DB and D. 
from the Point B, let fall the Per- 
pendicular Bx upon the Diame- 
ter DA. | 
Then will ADBA and ADxB 


Vi. 


be alike, Per Theorems 10 and 12. 
en e 
Ia J. 85 and y=Bx - 
Then | 1 eb:: ey Viz. DA : BA :: DB: B. 
24y | 8 
I 2 — e 
+: @ 21-3 52 = oe = DB 
Bur | 4 444 — 3 = bb 
Thar is, OD 4— BB = A4. Per Theorem 11. 
4 Xx bb | 4bbaa — 4aay == bbbb 
6 Und 06 „Ford =Rx- 
Again | and OCX BSC 


57 


U — — 


Ag: 


hat 
— 


— — — CINE : ———— 
Chap. 5: Of Pradticab Rules abowr Area's, &c. 339 
i 6 | 7 | abbas — 24* = b*, Or 241 —gbbaa = — þ* 


7 — 28 anna — 2bbaa = — 2 
8 CQ | Nee — 2bbaa + b* = b* — 7 = 436* 


9 w 2 % 4% — bb =y/3ib* | 

10 UU | 10] = bb +4 46% 

i140 i NY: bb; {464 51,30656296: KC = CA 
Then 13 a ={JCP. Viz, OCH — QHP = QCP 

13 2 | 14 v an — thb = 1, 20710678 &c. = EP 


From hence it will be Baſie to find the Area of any Octagon. 


Pꝛohlem 5. | 
The Side of any Regular Octagon being given; To find its Area. 


Example. Suppoſe the Side given to be 12 Inches long; Firſt, 
As 1: 1,20710678 :: 12: 14,48528136 = the Radius of 
its Inſcribed Circle, Then 12 x 4 = 48 is Half the Sum of 
its Sides; And 48 x 14,48528136 = 695,2935 the Area 
required? 


Fourthly, For a Decagon. 


The Side of any Regular Decagon, ( viz. a Polygon of Ten equal 
Sides) n in Proportion to the Radius of, | 


15 128 Circle, As 1: To 1, 61803398 &c. 
Icribed Cirele, As 1 : To 1,5338847 Kc. 


Vie $34: CA :: 1 : 1,61803398 


BA:CP:: 1: 1,3884166 N 2 
Demonſtrati s.. OA 
b =BA=1.a=C4 E 
= e = DB. and y = BET DF | | * 4 
Then . L ND 93 
P Thar is, DA: BA:: DB: Bx . > 
za) = be NV "Þ 
*| 2 1 | be H 
and 29 = = 


3 | 2) 3:0 22.1 1,61303393 Vide Pentagon. 
E 
* | .1,618033898 2 4 4a 
ie 5 | 1,61803398 = a= CA. 
6 
1 


| an — 1 — QCP. | 
Zi. TE -O PF == C P. Per Theor. 1 1. 


1 267803396 — 5 27 153884126 = CP 
Xx 2 Pꝛoblem 
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Dꝛoblem 10. 
The Side of am Regular Decagon being given; To find its Are 


Example. Let the given Side be 14 Inches 5 The 
As 1 : 1,53884176 :: 14 : 21,543784 = the Radiws of th 
Inſeribed Circle, And 14 x 5 = 70 is Half the Sum of its Side; 
Laſtly 21,543784 x 70 = 1508,06488 the Area required, 


Fifthly, For a Dodecagon. 


The Side of any Regular A f ( viz, a Polygon of Tweln 
Equal Sides) ts in Proportion ro the Radius of, 
Circumſcribing Cirele,. As 1: To 1,93185165 &c, 
Ws I Inferibed Circle, As 1 : To 1,86632012 &c, 
„ (BA: CA:: 1:1,93185165 | 
PH 43.4 CP; 1: „86632012 


Demonſtration. A 

Let BBA =I. CA as before 
And e= x4. Then a — e Cx. | 

; bb — OBx =ee 

Firſt | 1 Per Figure, I 
Bues 2| BxT CA = 24 4 
2 & 2 | 3] OBx = {44 Tri, 
x. 3 4 bb — 444 — ee | Ceny 
4 u 2 5 VV —taa=e ſma 
Again 6| aa — aa = aa — 24e -|- ee Rad 

Viz. OCB — OBx C. Ws.) 

5 X 24 7 | 24 bb — 24a — 2aC - | — 
4 — 7 | 8| bb — 42— 2av bh — 4a = ee — 24 | * 
— aa — bb — Taa = 24N bb — % NEG 
7, 8 | 91 aa raa aa + or WE. to ea 
9 ＋ 10 22 N —taa=bb { ou 
10 C2 11 4bbaa — 444 = b+ Bu 
11 — 12 4444 — 4bbaa = — 64 boſe 
I3 c 1344444 — bbaa -＋ 4¹⁴ = 36+ — 3 De ne 
I W 2 |14| 44 — 2b =4/3 — 1,7320508075 | les [ 
14-+2bb |15] aa = 2bb-+4/3 = 3,7320508075 ther 


| 185165 — CA i. 

15 w 2 |16| a= 3,9320508075 = 1,93185165 ime 
oft 17 46 == 10þ== Oct. V. CF — PF == at ur. 
19,Hence! 18 CP=Vv aa — 6b = 1,86632012 Q. E. era 


& 5% | . . is, J 


es 
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Conſetary. 


Hence if the Side of any Regular Dodecagon be given, the 
Radius of its Inſcribed Circle may be Eaſily obtained, and 
thence the Area found, as-in rhe Laſt Problem. 


The Work of the foregoing Pohgons being well conſidered, 
will help the young Geometer to Raiſe the like Proportions for 
others, if his Curiofiry or Occaſion requires them: And nor 
only ſo, but they will alſo help to form a true Idea of a Circles 
Periphery and Area, according to the Method which I ſhall lay 
down in the next Chapter for finding them both. 


CH AF Vi: 
A new and Eaſie Method of finding the Circle's Periphery 


and Area, to any aſſigned Exactneſ (or Number of 


Figures ;) by one e/Equation only. Alſo a new and facile 
Way of making Natural Sines, and Tangents. 


Let us ſuppoſe (what x very Eaſie to Conceive ) the Circle's Area 
to be compoſed or made up, of a vaſt Number of Plain Iſaſceles 
Triangles, having their Acuteſt Angles all meeting in the Circles 
Center: And let us imagine the Baſes of thoſe Triangles ſo very 
ſmall, that their Sides and their Perpendicular Heights, viz. the 
Radius's of their Circumſcribed and Inſcribed Circles (vide Problem 
6.) may become ſo very near in Length to each other, as that 
they may be taken one for another, without any ſenſible Error, 


Circles, become ( although not co- incident, yet) ſo very near 
to each other, as that either of them may be indifferently taken 
or one and the ſame Circle. 

But how to find out the Sides of a Polygon ( viz. the Baſes of 
hoſe Tſoſceles Triangles) to ſuch a convenient Smalneſs, as may 
de neceſſary to determin and ſettle the Proportion betwixt a Czr- 
le's Diameter and its Periphery (to any aſſigned Exatineſi) hath 
therro been a Work which required great Care and much 
ue in its Performance, as may eaſily be conceived from the 
re of the Method uſed by all thoſe who have made any con- 
:, Wderable Progreſs in it, viz, Archimedes, Snelius, Hugenius, Me- 
iin culen, &c, Theſe proceeded with the Biſſecting of 
1 Wen. et: Kaen penn bi 


Then will the Peripheries of their Circumſcribing and Inſcribed 


Cs 
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an Arch, and found the Value of its Chord to a convenient Num. 
ber of Figures at every ſingle Biſſection, repeating their Operati. 
ons until they had Approached to the Chord deſigned. 

And this Method is made Choice of by the Learned Dr Wal; 
in his Treatiſe of Algebra; wherein, after he hath given us 4 
large Account of the different Enquiries made by ſeveral (ve 
Eminent in Mathematical Sciences) in order to find out ſome es. 
fier and more expeditious Way of Approaching to the Cirele; 
Periphery, as in Chap. 82, 84, 85, 86, and ſeveral other Places 
he comes to this Reſult (Page 321.) 

Tis true ( ſaith he) we might in like manner proceed by 
« continual Triſection, Quinquiſection, or other Section, i 
* we had for theſe as convenient Methods of Operation, as we 
* have for Biſection : But becauſe Euclide ſhews how to Bi. 
* ſect an Arch Geometrically, bur not to Triſect, &c. and the 
one may be done ( Algebraically) by reſolving a Quadratick 
« ZXquation, but not thoſe other, without Æquations of a high. 
er Compoſition: I therefore make Choice of a continual Bi- 
ſection. Ge. | 

And then he lays down theſe following Canons 


The Subtenſe of £ ' 1|inro6 
of 4/:2—+/ 3| into 12 

of 4 v/:2=4/:24+4/3|8&c.:14M0 Ih 
of 48 F v/:2—4/22-1-4/i24+4/3] #8 
at; 3 A2—4/:z+4/:2+4/:24-44/3] 96 

&c. 4/i2—4/2þy/:2+4/i24+-4/12+y/3] 191 . 

Oo wm w/o Ni NME NVL NICE 3% 

Vim eee 2+ v3; | pol 4X 
4 1 0 


How tedious and troubleſom the Work of theſe complicated EA. 
traftions is, ] leave to the Conſideration of thoſe, who either have 
had Exterience therein, or out of Curioſity will give, themſelves tht 
Trouble of making Trial. 9 

Again in Page 347, the Doctor Inſerts a particular Method 

ropoſed by Lilnitiu, Publiſhed in the Acta Eruditorum at Li-. 
fich, for the Month of February, 1682. in order to find the Ci; 
cles Area, and conſequently its Periphery, which is this, 

As 1 : To 1— 3 1 3— 1 f — U 132— 1 —75 Kc 
Infinitely : : So is the Square of the Diameter: To the Crt: 
cle's Area. Bur this convergeth ſo very lowly, that it is nt 
worth rhe time to purſue ir. | 

1 ſhall here propoſe a new Method of my own, whereby tht 
Circies Peripbery (and conſequently its Area) may be N 
infinite. 


G 
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infinirely near the Truth, with much greater Eaſe and Expedi- 
tion, than either that of Biſſection, or that of Libnitius as above; 
or any-other Merhod thar I have yer ſeen, ir being performed by 
Reſolving only one Æquation, deduced by an Eqſie Proceſ from 
the Property of a Circle ( known to every Cooper) which is this, 


Ihe Radius of every Circle, M Equal to the Chord of one Sixth 
Part of its Periphery, | 5 5 : 
That is, AD=DH=HG, the Chords of + Part of the 


Semi- circle; are each Equal 


to AF its Radius. 
Then if the Arch 4D b „ 
Triſected, it will be | Z 4 


AB=BA = AD, 


= AF Zi 
Let Je =4D=1.. 
a= AB Qunuere 6; 


Then | I * e X 
1 4 
And 2 R: 42 :: R- 

That- is, 3 FB : X:: Fe: ex =AD — 24 

For AFB, and AB Ae, are alike. 

And 4D z A. = Dx; Kc. 

4 | aaa 

2 14 |Rc— a | 

4X &c. | 5 |[3Ra— 444 = RRc. That is, 34 — aaa =Tr 

Here 2 = the Chord of ; Part of the Circle. 

For + of S = 8: 


6 —_ — 


Next, To TriſeR the Arch AB. 


Let | 1 | 3y —=z9* 4 the Laſt Chord. 
008: & 3 | 2] 279 — 2795 +997 3 = 43 
Tl x 3 |3[ 9 = 34 3 
D +27) —97 5? =34—4 =1, 
| Here 5 == the Chord of r Part of the Cixele. 


—_ — 4 5 


Again, To Triſe& the Arch, whereof y #« the Chord, 


Let [1 | 3a — 43 = yp» 
& 5 | 3 | 2434/—4934"-+2708%994*1-4-1 53 =a"i=y5 


1 & 7 
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| £21878" — $1034? E 31% — 2833 BF 


4 ＋ 945475 =» 1 Pe 
| 196834? — 590494"! ＋ 78732073 — Po 
1 @&9| 5 tut 612364'5 = y? Bu 
&. i g | 6| 2794 —943 = » | © . 
2 X. 35 | 7810 — 81047 ＋E 2704” — 304? 30; 

el ad 4 al 65614) — 109354” -t+ 72904 — 2.43041! 
3 | 1 4054'3 — 27405 2 | | 


8 7196834 — 459274? ＋ 4592741 — 
4 * 9 | 9| Y—2551543 + 850% 9 _ 
6 — 7 27a — 8192 + 737147 — 308884” 5 
2 855 10 44 72930487 — 1074064"! — ; x 
-|- 1046524'3 — 69768415 * 
204 | Here a = the Chord of ,+, Part of the Circ 


proceeding on in this Method of continually Triſe&ing the 4rd 
of every new Chord, and ſtill Connecting the produced Æquatin 
into one, as in the Two laſt Triſect ions; it will not be difficulty 
obtain the Chord of any aſſigned Arch, how ſmall ſoever ir be, 

Now in order to facilitate the Work of Raiſing theſe qu 
tions to any conſiderable Height; ir will be convenient to add! 
few uſeful Obſervations, concerning the Nature, and of ſud 
Contractions as may be ſafely made in them; which being we 
underſtood, will render the Work very Eaſie. 


1. I have obſerved that every Triſection will gain or advance ur: 
Figure in the Circles periphery ; but no more. Therefore ſo mal 
places of Figures, as are at firſt deſigned to be perfect in the Pn 
phery ; ſo many Triſetions muſt be repeated to Raiſe an /Equatid 
that will produce a Chord anſwerable to that Deſign. 


2. I havealſo found, that all the Superiour Powers (of a) wit 
Indices are greater than the Number of Triſections. (viz. whoſe | 
dices are greater than the Number of deſigned Figures) may 
wholly Rejected as Inſignificant, | 


3. When once the Number of .Triſetions, and thence the hig 
eſt Power (of a) M Determin'd, the third Proceſs (viz the third I 
ſection) may be made a fixt or a conſtant Canon; for by it, 
Multiplication only, all the ſucceeding Triſections ( how many 
ever they are) may be compleated, without repeating the ſevt 
Involutions. 


4. In Raiſiing and ColleRting the Coefficients, of the ſeveral | 
wers (of 4) it will be ſufficient to retain only ſo many ſignifi 


Figu 


Thap. 6. Of the Cixele's Peripherp, Sec. 345 


— cc 


Figures (at 43) as theres defign'd to be places of Figures in the 
Periphery : (or at moſt but two more) And every ſucceeding ſuperiour 
Power may be allowed to decreaſe two places of ſignifican: Figures, 
But herein great care muſt be taken to ſupply the Plates of thoſe 
Figures that are omitted, with Cyphers ; that ſo the whole and exact 
Number of plates may be truly adjuſted ; otherwiſe a' :e Work will 
be Erronious ; | 
Now the Number of thoſe ſupplying 5 raph may be very conve- 
iently denoted by Figures placed within a Parentheſis 3 thus 
$76(8) a*, may Tani 57600000000 a?, as in the following 
Equations, The like may be done with Decimal Parts, thus 
,7)6538 may ſignsfie ,voooooo6g8 &c, which will be found very 
iſeful in the Solution of theſe, and the like Aquations, ' 


"The aforeſaid Contractions may be ſafely made, becauſe both 
he Superiour Powers of a, which are Rejected ; as alſo thaſe 
umbers that art omitted in the Co-efficients (and ſupplied with 
yphers) would uce Figures ſo very remote from Unity, as 
hat they would nor affect the Chord Deſigned. Thar is, they 
ould not affect the Chord in that place wherein the Deſigned 
Periphery is concerned. As will in part appear in the following 
xample. | SED: | | 

If theſe Directions be carefully minded, it will be eaſie to 
Liſe an Æquation that will produce the Side of a Regular Poly- 
on; whole Number of Sides ſhall be vaſtly Numerous, Conſe- 
juently infinitely ſmall. But I preſume it will be ſufficient 
or an Example, to find the Side of a Polygon conſiſting of 
58280326 equal Sides: Thar is, if I find the Chord of —A——; 
art of the Czrcle's Periphery, and that requires but Sixteen Tri- 


t:ons, which being ordered as before directed will produce 
ls Equation, | | 


\ -| 769837653199714(20) 4 — $491218532841(35) 4” 
)-|- 54633331143( 50) a? — 230083348(56) 411 
+ 6830988(79 ) 473 —1— 50720 94 0 ats 


Here the Value of a, will have 23 places of Figures true; 
his is, the Sides of the Inſcribed and Circumſeribed Polygons 
ll be exactly the ſame to 23 places of Decimal Parts, but not 
rther ; all which may be eaſily obrain'd at Two Operations, 
nd for the firſt, it will be ſufficient ro take only Three Terms 


| the Z£quation ; which will admit of being yet further Con- 
acted, thus, | 


430467214 — 332360179486968612(4) a3 
=T 


Ly Let 


". 
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—Etements of Gebmetrr — f. | 
| 430467214 — 3333601 7940) 4 N 1 
Ler + 76983765(27)a* F= — 


And let r +e =a. Then RejeRing all the Powers of e, thy 
ariſe by Involution above _ ece, | 


ir will be ve Terre WE I 
And rf -+ rde A.- 10 I ee A 1orreee „ 


Then the firſt ſingle Value of 7, may be thus found 
43046721) 1,00000000 (,ooooooos =r. 


This ,0o000002. = r.. deing duely Involved and its Pond 
Multiplied into their reſpe@ve Coefficients will produce 


= e -+- 430469218 - - - * 


— 2658881 — 39883 226 —19941&{9)ce2324( 18} eee 
.*- ,00024625 +_ 61587e + Sigg ee -- 308(18) eee) 
FR 183459156 | 39119986e —193257(9)ee—3016(13) ece =1 
Hence 39119986e —193257(s)ee— 3016(18) cer = 0,165 40k 
| All the Terms of this laſt Equation being Divided by 193235 
| the Co-efficient of ee, it will chen become | 
| 2-000003024e — ee — 15603) eee 2,0000200000T000085 589632 
| D + 1360s eee. 


20000002024 — 


| Conſequently, 


Operation. 


,0000002024) | pedotobetocecobectert Co 
. ̃ —— == 156(5) m 
2 Di. ,00c00498) rogococoocoopsy 68952 (oooonocoyy 
2 Di, 5000001981 


Pirft . = ,00c0c002 
e ,200000004327 


7 +- e == ,00:090024327 =4, Or rather New r 
fecond Operation. 


Now if tbn firſt Value of 4 = =,000000024327 were not 
vinued to more Places of "Figures, by a ſecond Operation, but 
. -Multiplied mro the- Number of Chords. 

Viz. ,000000024327 x 258280326 = 6,28318539 &c. 
Periphery of that Cirele We Diameter # 2, nearer wy 
| Arc 


44 — 


— 


Archimedes or Mzrius's Proportions : . For Archimedes ma hes it 
6,285714 Kc. Viz. As 7 To 22 And Matius makes it 
6,28318534 &c. viz, 4s 113 Te 3335. 

: But if the whole Equation before propoſed, be now raken, 
and we proceed to a ſecond Operation 3 the Value of 4 may be 
Increaſed with Twelue Places of Figures more; and thoſe may 
be obtain d by plain Diuiſſon oniyx. - 

Thus, let 1 e = @, as before; and let all the Power- 
of « be now rejected as Inſignificant. | 
PISS SE 7 2 r? orte =" 

" ; r + 3rie = &# ril a+ 11 = att 
Then will rs + 5r%e = as And 713 i” 137 — fry 

x7 * 77e == g 7115 1 gri+e — 475 


1 The ſeveral Powers of x = ,000000024327 being Raiſed, 
and Multiplied into their reſpective Co-efficients, will produce 
theſe following Numbers. BLEED 

＋ 1,047197581767 + 430467210) 

— ,047849196598394865 — 2 


-|- ,o00655906484595355 + 134810e 

— ,000004281440413375 — 14% 
21 + ,000000016302517863 — 3 

— 5ooooooodooo 40631167 — oe 

A ,000000000000071 388 -|- oe 

— -,000000000000000093 =— oe 


Viz. 1,000000026474745106 ＋ 37279554e =1 


Hence 372795540 = — ,000000026474745106 = D 
Or rather — 37279554e = ,000000026474745106 = D 


22 


ny 


. 
Conſequently, 1 = -e 


perat ion. ä 


37279354) ,000000026474745106 { (,15)710167967 = 
2860956878 


— — — 


37905730 
27279174 
62617660 
37279554 


- 


22 
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L.ſt r = 000000024327 ) 

 —@& = ,000000000000000710167967 
ern ,000000024326999289832033 = 4 the Chir 
or Side of the Polygon requires. | 


Tbe next Work will be to examine, how many Places of theſe 
Figures will hold true to the Circles Periphery : In order to tha 
Let à be repreſented by the Chord Bb, in the Annex 
Scheme; and let Bx = b. Then will 
Bx =3a=(,7)121634996449160165 5 14 
And BCS - BX = OCs. N : ow 0 
Let the Radi us en as before. : 
Then will the V OBC—-OBx=C x 
= ,9999999999999999 &c. 
BurCx:xB::CA: AD ; 
Or Cx: BB:: CA: Dd Per Fig. 
Ergo Dd (0 243269992898320354 
the Side of the Circumſcribing Polygon. ; 
Then will a x 258280326 be the C 
Perimeter of the Inſcribed Polygon. 

And Dd x 258280326 will be the Perimeter of the Cir: 
cumſcribing Polygon 


Thar is, 6,2831$53071795$59 = the Perimeter of the Inſcrilel 
Polh gon. od EA 8. 

And 6, 283185 3071795865 = the Perimeter of the Circun- 
ſeribed Polygon, a 1 


Hence tis evident, that the Circles Periphery, whoſe Diame- 
ter is 2. may be concluded 6, 283 1853071795864 true, be- 
cauſe the Peri meters of the Inſcribed and Circumſcribed Polygon! 
are ſo far very near being Co- incident, or the ſame. 5 

Tis poſſibſe there may be ſome who will think this is tediou ** 
and troubleſom Work; but if thoſe pleaſe ro conſider, that i 
this Periphery were to be found by the aforeſaid Method d 
Biſection, it would require theſe following Extractions. Quin 


a: 2—4: 2 - /:2+4/:2+y:2 + HV. 2 +4: ſectio 

LV. 2 LY. 2 ＋ V. 2 EV:. 2 CY. 1 TV: -L, %%% 

Viz. ENV: 24/22 tv 2k vi 2 ＋CV:-2＋- .I Pape, 
+ vV:2+y/:2+4/:2+4/:2+y/:2+y/:3 Mui 

plied into 402809984 As 


Here the firſt Root ( 1. 4/3) muſt be Extracted at leaſt ii 
one Hundred and two Places of Figures, The ſecond Ro 
| | (1 
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(viz. /:2 + 4/3) muſt have 99 places of Figures in ir. The 
third Root (viz. 4:2 + 4/:2 -) muſt have 96 places in 
it, Sc. every Extraction being allowed to Decreaſe three Places, 
that ſo the laſt Root (viz. the Chord fought) may conſiſt of 24 
Places of Figures, as above. ; 

I ſay, who ever duly conſiders the trouble of theſe ſo often 
repeated Extraction, will, I preſume, be pleaſed with what 1 
have done. For truly when I conſider of the great Time and 
Care required in them, I cannot but admire at the Patience of 
the Laborious Van Culen, who proceeded that way until he had 
found the Circle's Periphery to Thirty Six Places of Figures, to 
wit, 6,28318530717958647692528676655900576. 

Theſe Numbers are ſaid to be Ingraven upon hu Tomb-fone in St. 
Peter's Church in Leyden, for a Memorial of ſo great a Work. 


Having thus obtained the Circles Periphery; its Area may ea- 
fily be found (to the ſame Number of Figures) by Problem 6. 
Thar is, If Half the Periphery of any Circle be Multiplied 
into Haff its Diameter, the Product will be that Circle's Area. 
as will appear further on. Therefore 3,141592653589793 
„will be the Area of the Circle whole Diameter is 2. | 


Thus have Iſhewed the young Geometer how to find the Cir- 
cles Periphery and Area to what Exactneſs he pleaſes to ap- 
proach ; for preciſely true they cannot be found, notwithſtanding 
the late Pretenſions of a certain Frenchman, who hath Publiſhed 
to the World (in the Yorks of the Learned) that aſter twenty 
five Years Study he had found the Quadrature of the Circle: But 
if he had peruſed the 83 Chapter of Dr. Walliss . e he might 
there have ſeen his Error, viz. the Impoſſihility of what he pre- 
tended to; For it is as impoſſible to Square the Circle (that , 
to find its true Area ) as it is to find the Root of a Surd Number. 


Note, Nat I have here propoſed and done by the Triſection of 
an Arch, may as eaſily, and much more ſpeedily be perform'd by 
Luinquiſection, or Septiſection, &c. But becauſe the Scheme for Tri- 

ion & more Simple, and may be eaſier underſtood by a Learner than 

%% of the other Sections (of whichſee my Compendium of Algebra 
10 Pages 76 and 79.) ] have for that Reaſon made choice of Triſection. 


/ ulti 


As to the Proportion of one Circle to another; And of rhe 
cle to the Elli gſit, Sc. thoſe: ſhall be fully ſhewed when 


te come to the fifch Part, 5 


R 


180 


Before 
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Before I conclude this Part, I ſhall make ſome Te or Appli- 


cation of the above found Periphery, in finding the Quantity of 
Angles ; which is done by the help of Right Lines, called Sing. 
=. Tangents, the Length whereof are Calculated ro every Degre, 
and Minute of a Quadrant, by much Labour. But 1 ſhall here 
ſhew how to find the Natural Sine (and conſequently the Natur 
Tangent) of any propoſed Arch or Angle, by Two Aquation, 
without the help of any precedent Sine as uſual ; which 1 did 
ſome Years ago communicate to the Ingenious Mr. Foſeph Raph. 
fon, and heb well approved of them, as to make them the 30 
and 21 Problems in the Second Edition of his Analyſis Zquatie. 
num Univerſals. | | 

And becauſe in finding the Quantity of Angles, every Circle is 
ſappoſed to be Divided into 360 equal Parts, called Degrees; 
every Degree is Sub- divided into 60 Parts, called Minutes; And 
every Minute into 60 Seconds, &c, ( vide Page 294.) 

Therefore 360) 6, 2831853 Cc. (0,0174532925 Ge. is an 
Arch of the abovefound Periphery, equal to the Arch of one Degr:, 

And 60) 0,0174532925 &c. ( 0,0002908882 &c, = the 
Arch of one Minute. = 

Then if the given Arch (or Angle) be Leſs than 45 Degree, 
Reduce it into Minutes, and Multiply thoſe Minutes into this con- 
ſtant Multiplicator, viz. 0,00029088B82 calling the Product 9. 
And for the Sine ſought put 2. Then will 


— aa + 12paas — 195aa — 36ppas 240pa = 457}. di 
| E1!xample. 
Let it be required to find the Sine of 19. 13! =1153/, 


Here 0,0002908882 Xx 1153 = , 3353940946 = p. 
And — 4a* + 4, 0247294 — 199, 4961144 + 80, 4945834: 


= $,06201394. Ote, 
e Let e 4 7 
| rr + 2re + ee = 4a 1. 2 
Then Arr. grre + 3ree = aaa 
rrrr +-.4rrre + Grree = aaa * £ 
Note, In this Caſe the Firſt r, may always be taken Equal 
the Firſt Figure in the Product h. Viz. here r = 0,3 whi 1 


being Involved as its Powers direct, and theſe Powers Multipli 
Into the reſpective Co-efficients of the Æquation, it will be 


7 
—+ 24,1483 + 80,498 | | As 
— 17,9144 — 119,43e — 199, 05e e __ | 
5 1680 3 3,6 Tce — 506201394 Th 
1% 


— 00,0081 — 0, 11e — 0,54ce 


Viz. 6,3344 — 37,7 = 193,976 = 5,06201 He 


* 


— — — | 

6, Ofthe Etrele's Periphery, Kc. 351 
Hence 37, 97 -+ 195,97ee = 1,7239 

And ,igge + ee = ,006492 = D 


Chap: 


Ek 
| DIA + 61 9" ons 


Operation. 21 93) „006492 (5029 — 
＋ e = ,029 42 


I, Diviſor 521 2292 
2. Daviſor - „222 1998 
Firſt r= „ 
4 e = $029 | 


Which being Involved and Multiplied &c, as befqre, will 
produce theſe Numbers, 


26, 48271781 | 80, 494388 

— 21, 54532894 — 130, 974646 — 199,0496ee 
5, 14332378 1,0692 + 3,9724ce- 
— 0, 01171611 — , 14244e — 0,6494ce 


Viz 5,0689985 4 — 49,315586 — 193,72665 3,8207394 


Hence 49,31558e+ 195,7266ee = ,0069846 which being 
Divided by 195,7266 the Co-efficient of ee will become 


,25196e ee = ,0000356854 = D 
= JT 
Operation, ,25196) ,0000356354 (50001415 =e 


2 WOT - ——— — oo — 


e 


- e = 00014 2520 
I, Diviſer 52520 104854 
2. Diviſer , 25210 100840 
40140 
1 25210 
bie Laſt 72 2329 &c. * 
Js -+ e = ,ooo1415 | 


1+e=4 ==,3291415 being the Natural She of 19: 13/. 
As was required, | 


* 


Thus you may figd the Right Sine of any dreh or Angle; 
Leß than 45 Degrees. 5 a 
Hen | 6; ur 
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But if the given Arch be Greater than 45 Degrees, you muſt 
take its Complement to 90. viz. Subſtract it from 90 Degrees; 
and Reduce the Remainder into Minutes, as before. 

Then Multiply the Square of thoſe Minutes into this conſtant 
Multiplicator, 0,000000084616 calling their Product p; and 
puting 4 = the Sine ſought, as before, Then will 


4 + 289) —+ 19544 -+ 36paa 108 — 284 = 196— 85 
Example, | 


Suppoſe ir were required to find the Sine of 75*, 321. Or (which 
v the ſame thing) to find the Co-ſine of 14*. 28!. = $68', whoſe 
Square 753424 & 0,000000084616 = 0,06375172518 =p, 

Hence the Æguation in Numbers will be, 
aaa -+ 28444 -|- 197,29506244 — 21,1148144 = 

= 190,8361102588 
Let r —e=84s And r=1 
rr — 2re + ee — 44 
Then + rrr — 3rre -+ 3ree = 444 
rrrr — àArrre + 6rree = An, 


Note, I here take r = 1 becauſe the Arch 1j ſo near to 90!) 
and therefore I make it v —e=a. 


— 21,1148 ＋ 21,110 
+ 197,2956 — 394, 39e ＋ 197, 29 e __ 
Then 5 28,0000 — 84, oe -+ 84, oo C= 190, 8361 


1 liesse — 4,ooe ＋. 6,00ee : 2 
Viz. 203,188 — 461,48e + 287,29 e = 190, 8361 
Tllence 461,486 — 287,29ec = 14,3447 

And 1,606e — ee = 049930 = D 


D 
Theoꝛem . S e 


Operation 1,606) ,049930 (,031 =e 


„ nn 471 b 

1. Diviſor 1,57 2839 Firft x = 1,000 

2. Diviſor 1,575 1375 , —& = 0,031 
&c. 7 — eg 0,269 =! 


for a Second Operation; which being Involved as before w 
produce t heſe following Numbers. We > hi #: ah 


4 


1 


1 
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FLO 20,460234766 — 21,11481ie 

+ 185,252368710 — 382,35783e + 197,205 Lee 

＋ 25,475889852 — 78,87272e + $1,5960ee 

+ 0,881647759_—___3-63941e_ + 283322 
Vis. 191,149651515 — 443,75515e + e — 

= 190, 836110259 . 
Hence it will be 443,3 5136 — 284,5248ee = = 0,313541256 


And 1,35963e — ee 0011019821 = B 


; D | 
Then 4755 => c 


Operation. 1,55963 ) ,oo11019821 (,0007088 =e 


— en ,00070 109123 
1. Diviſor 1,389 1075210 
2. Diviſor 1, 55893 9335358 
6 13985 20 
Laſt r = ,969 1247144 @&c, 


— er ,0007068 
e 2A „9682932 the Sine of 75*, 32/. as was required. 


Having found the Sine and Co-fine of any Arch, the Tangent 
i; uſually found by this Proportion. 


1. 1 As the Co- ſine of any Arch : Ts to the Sine is; that Arch : 
So ij the Radius: To the Tangent of the ſame Arch. 


For ſuppoſing BC = BD Radiw, AC the Sine of the Arch 
D. Thin BA is the Co-fine, and 
D the Tangent of the ſame Arch. — E 
but, BA: CA:: BD: FD, &c, i 2 Wein v6 


Now by this Proportion there is 
eſuired ro be given, both the Sine 

nd Co-fine of the ſame Arch, to | 
d the Tangent. y D. 
Tis true, if the Radius, and * 

ither the Sine or the Co: ine be given, the other may be found 


bus, / OBC— QC4=B4. Or / QBC—OBA=cA: 
will Bur if either the Sine or Co-ſine be given, the Tangent mo 


— — — — wow -— — 


I 2 2 Les 


— — 


— 
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Let BC i. CA =5s.  BA=x; and FD =T, 
Then if & be given, T e . 


Theoꝛem Nr 
Or if be given, T may be found by this 


”. 


Example. 


Let the Sine of 19%. 13%. (before found) be * 
vi x. , 3291415 . To find T the Tangent of the ſame Ar, 


Firſt , 3291415 * 3291413 , 108334127 = SS. 
Again 1 — , 108334127 2891665873 = 1 — SS. 


Then „891 665873) „108334127 ( 11214963253 


And v/ 21214963253 =,3485632=T, the Tangent 
of 190 , 13“. as was required. 

And ſo you may proceed to find T the Tangent, when 
x = the Co-ſine is given. 


Perhaps i it may here be expected that I mould have ſnewed ad I'c 
Demonſtrated (or at leaſt have Inſerted ) the Proportions from « 
whence the foregoing a pr ig for making Sines were . © 1 
duced, Bur I have Omztred that, as alſo their Uſe in Compi © þ 
the Sides and Angles of Plain Triangles by the Pen only, (W © x 
without the help of Tables) for rhe Subj ect of another Diſcowſe 
hereafter, if Health and Time 

In the mean Time what is here done may fafſice to ſhew, that 
the making of Sines by ſuch a Laboriom and Operou Way, as wi 
formerly uſed, is in a great — * I thin 
« may juſtly claim as my own. 


1 r E a 3 * 
. -——— - — — © I * * 
— PP 3 ry _ - Po | ins T - -- 
d 4+ l 5 — 131 . 
* a 1 w * 


* 4 7 4 A P mm, * r : ; 74 y * 2 71 11 4 ' A 
. 4 {1 * 5 1 6 0 ID) . 2389 SE, » * 7 144 13 lad cf - 44 
| 2 1 1 \ 8 

* 9 , * * — "= S * » as ® : . . 1 2 : : $ | 
£ 6 1 q þ 14 „ 1 i ke 7 * "7. | > # "Y 14 . 31 * © => V. \ = 7 „ TY » J * 2 ol . 
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Mathematicks. 


CHAPTER. 1 | 
Definitions of 4à Cont, and its Dedians. 


There are ſeveral Definitions given of a Cone : The Learned 

1 I octor Barrow upon Euclid hath it thus. | 
m A Cone, (ſaith he) is a Figure made, when one Side of a 
Rectangle Triangle ( vzz. one of thoſe Sides that contain the 
Rectangle Triangle) remaining fixed, the Triangle is rurn'd 
round about, till ir return to the Place from whence ir firſt 
moved. And if the fixed Right Line be Equal to the other, 
* which containeth the Rectangle; then che Cone is a Rect- 
angled Cone: Bur if it be leſs, it is an Obtuſe Angled Cone; 
* if greater an Acute Angled Cone. The Axis of a Cone is 
* thar fixed Line abour which the Triangle is moved. The 
* Baſe of a Cone is the Circle, which is defcrib'd by the Righr 
Line moved about. (Defi. 18, 19, 20 Euclid. 11) 

Sir ona Moor in his Treatiſe of Conical Sections (taken out of 
the Works of Mydorgius) Defines it thus. 

* If a Line of ſuch a length as ſhall be needful, ſhall upon 
* a Point fixed above the Plain of a Circle, ſo move about the 
Circle until ir return to the Point from whence the motion be- 
gun; the Surperficies that is made by ſuch a Line, is called a 
Conical Superficies ; and rhe Solid Figure contained within 
that Superficies and the Circle, is called a Cone, The Point 
. remaining ſtill is the Vertex of the Cone, Ee. 
35 2 2 2 Alchoꝰ 
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Conick Dections. Part IV 

Altho' both theſe Definitions are equally rrue, and with 2 
little Conſideration may be pretty eaſily underſtood; Yer I ſhall 
here propoſe one, very different from either of them; and as 
preſume more plain and Intelligible, eſpecially ro a Learner, 

If a Circle deſcrib d upon tiff Paper (or any other pliable Mg. 
ter) of what bigneſs you pleaſe, be cut into Two, Three or more 
Sectors; either equal or unequal , and one of thoſe Sector: be { 
roll'd up as that rhe Radius's may exactly meer each other 
ir will Form a Conical Superfictes. | 8 


Tbat is, if che Sector HV G be 
cut out of the Circle, and fo roll'd up 
as that the Radius s VH and VG 
may juſt meet each other in all their 
parts, it will form a Cone; and the 
Center V. will become a Solid Point, 
called the Uerter of the Cone, the px 
Radius H being every where 
equal, will be the Side of the Cone ; 
and the Arch HG will become a 
Circle, whoſe Area is called the Cone's 
Baſe. | 

A Right Line being ſuppoſed to paſs 
from the Vertex or point V, to the Center 
of the Cone's Baſe, as at C, that Line 
(viz, VC) will be the Aris, or Per- 
pendiculur Height of the Cone. 


If a Solid be exactly made in ſuch a — 
Form, it will be a compleat or perfect H- 
Cone; which I ſhall all along call a Right 
Cone, becauſe its Axis VC ſtands at 
Right-angles with the plain of its Baſe HG, 
and its Si des are every where equal. 

Any Cone whoſe Axis is.not at Right-angles 


with the Plain of irs Baſe, may be roperly 
called an imperfect Cone; becaule its 8 


ides are 
not every where equal (as in the Anne xed 
Figure). Now ſuch an imperfect Cone, is uſu- 
ally called a Scaleneum or Oblique Cone. 


* 
 ”*, 
LI TTITYS 


Any Solid Cone may be cut by Plains, (which I ſhal + 
along hereafter call Right-lines ) into Five Sections: 


* 


1 
os 


Delmitions. 57 

— — — | — — e cara 

8 Seck. ti. | 

If a Right Cone be cut directly thorough its Ax, the Plain 

or Superficies of that Section, will be a plain I1/oſceles Triangle, 

as HVG Figure 2. viz, the Sides (HV and VG) of the Cone 

will be the Sides of the Triangle; the Diameter (HG) of the 

Cones Baſe, will be the Baſe of the Triangle; And (VC ) its Ax8, 
will be the Perpendicular Height of the Triangle. 


— — — 
Chap. 1. 


SeR. 2. 


If a Right Cone be cut (any where) off by a Right Line par- 

rallel to its Baſe, as hg, (it will be eaſie to conceive, that) the Plain 
of that Section will be a Circle, becauſe the Cone's Baſe is ſuch ; 
where in one thing ought to be clearly underſtood, which may 
be laid down as a Lemma to Demonltrate the Properties of the 
following Sections. 
C If any two Right Lines Inſcribed within a Circle, do 
| Cut or Croſs each other (as hg doth bb in the 
Annexed Figure) the Rectangle made of the Seg- 
ments of one of the Lines, will be Equal to-the 
| Rectangle made of the Segments of the other Line, 
N C (vid. Theorem 1 5. Page 309.) V 


— 


Lemma % 


And HAX GA=BAXAR 


Conſequently if ba = ab, 
Andif BA = AB. 


That is, haxga=ba x 5 Sr. | 


\ Then it will be, ha * ga . . F 
0 And in the Cone s Baſe HA * GA — OBA Round IJ 9 
: " Hs 5 A\ . my 

Sect. 35 6 „ „*%1„ 7 B 


If a Right Cone he (any where) cut off by a Right Line; 
that cuts both its Sides, but not Paralle! to its Baſe (as TS in the 
ollowing Figure) the Plain of that Section will be an Elipfis 
(vulgarly called an Oval) viz. an Oblong or imperfect Circle, which 
nath ſeveral Diameters, and Two particular Centers, Thar is, 


1. Any Right Line that Divides an Ellipſis into Two equal Parts 
called a Diameter; amongſt which, rhe Longeſt, and the Shorteſt 
re particularly diſtinguiſhed from the reſt, as being of moſt 
*neral 'Uſe : The other are only Applicable to particular 


ales. 


all i 


7 


2. The 


— , — — 
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2. The Longeſt Diameter (as TS) is called the Tra 
Diameter , or Tranſ verſe Axis; being worſe 
that Right Line which is drawn thorough 
the Middle of the Elli pit, and doth ſhew 


3. The Shorteſt Diameter, called 
the Conjugate Diameter, is a Right 
Line that doth interſect or croſs the 
Tranſverſe Diameter at Right Angles, in 
the Middle or Common Center of the 
Elipfis ; (as Nu) and doth Limit the 
Ellipfis Breadth. ; 


. The Two Point:, which I 
particular Centers of an Ellipſis, ( for a 
Reaſon which ſhall be ſhew'd further on) are two Points in the 
Tranſverſe Diameter, at an equal diſtance each way from the 
Conjugate Diameter; and are uſually called Nodes, J'ocug's 
or Burning Points, at ET 


5: All Right Lines within the Elipfs that are parallel to one 
another, and can be Divided into Two equal Parts; are called 
Ozdinateg with reſpect to that Diameter which Divides them | 
And if they are parallel to the Conjugate, viz. at Right Ang irs 
with the Tranſverſe Diameter; then they are called Ordinats 
Rightly applied: And thoſe Two that paſs through the Focuſſ 
are remarkable above the reſt, which being equal, and Scitus 
red alike, are called both by one Name: viz, Latus KReunt 
or Right Parameter, by which all the other Ordinates are Ret 
lated and Valued. As will appear further on, 


Seck. 4. 


If any Cone be cut into Two Parts, by a Right Line parallelt 
one of 1t's Sides, (as S A in the following Scheme) the Plain 
that Section (viz. SBA BS) is called a Parabola. 


1. A Right Line being drawn through the middle of any = 2 
rabola, (As S A) is called its Axx, or intercepted Diameter. 


2. All Right Lines that interſect or cut the Axis at Right 
 gles, ( As BB, and bb are ſuppoſed to Cut or Croſs SA 

called Ordinates Reghtly applied ＋ in the Ellipſis) and the Gre 
eſt Ordinate, as BB, which Limits the Length of the Parab 
Ax (S) is uſually called the Baſe of the Parabola. 


8 * 


— —— 
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3. That Ordinate which paſſes through the Focus or Burn- 
ing Point of the Parabola, is called the 
Latus Rectum, or Right Parameter (As V 

in the Ellipfis) becauſe by it, all the 
other Ordinates are Proportioned ; and 
may be found, oF 448 | 


_ 


4. The Node, Focus, or Barning 
Point of the Parabola, is a point in its 
Axis (but not a Center as in the Elif 
diſtant from the Vertex or top of rhe 
Section (viz. from S) juſt one fourth wie, 
Part of the Latus Rectum, As ſhall be H. AG 
ſhewed further on. | e H. * 


t 5. All Right Lines drawn within a Parabo/a parallel to its 
Ax, are called Diameters ; and every Right Line that any of 
thoſe Dzameters doth Biſſect or cut into two equal Parts, is ſaid 
to be an Ordinate to that Diamerer which Biſſects it. N 


Seck. 5. 


If a Cone be any where cut by a Right Line, either parallel ro 
us Ax#, (as S.A. Or otherwiſe as x N) So as the cutting Line 
being continued through one Side of T | 
the Cone, (as at S, or x) will meet 
with the other Side of rhe Cone, if it be 
continued or produced beyond the Ver- 
tex V, as at T. Then is the Plain of 
mat Section (viz. the Figure ShBBbS) 

called an Yyperbola, 


1. A Right Line being drawn tho- 
ugh the middle of any Hyperbola; viz. 
thin the Section, (as S A4, or * NA is 
alled the Axn or intercepted Diame- 
er, (As in the Parabola) and that part : 

ir which is continued or produced ,_/. ft FRY 
ut of the Section, until it meet with Ht N CA 
ve other Side of the Cone continued; 71 .. fes 
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I 
r,, or Tx, &. Is called toe Yo | 
ene Diameter z, or Tranſverſe an of the Hyperbola, | 


3 n Right Liner thar ate dtdwn within an FpperVol, ar 
ler do its Af, are called ordinates Rightly applied. As 
e Elihi, and Parabole, © © © 3. Thar 
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360 | Conick 
3. That Ordinate which paſſes through the Focus of the 
Hyperbola, is called Latus Rectum or Right Parameter, for the 
fame Reaſon as in the other Sections. Lak | 


4. The middle Point of rhe Tranſverſe Diameter, is called 
the Center of the Hyperbols, from whence may be drawn Two 
Right Lines (out of the Section) called Aſymptotes, becanſe 
they will always incline (that is, come nearer and nearer) to both 
Sides of the Hyperbola bur never meet with (or touch) them; 
altho both they and the Sides of the Myperbola were Infinitely 
extended: As will plainly appear in its proper Place. 


Theſe Five Sections, viz. the Triangle, Circle, Elipfis, Para. 
bola, and Hyporbola are all the Plains that can poflibly be peo- 
duced from a Cone. But of them the Three laſt are only called 
Conick; Sections, both by the Ancient and Modern Geometers, 


Scholtum, 


Beſides the foregoing Definitions, it may not be amiſs to add 
how one Section may (or rather doth) Change or Degenerare into 
another. | : 

An Ellipſis being that plain of any Sedtion of the Cone, which 
is between the Circle and Parabola, it will be eaſie to conceive 
that there may be great Variety of Ellipſes produced from the 
ſame Cone; And when the Section comes to be exactly parallel 
to one fide of the Cone, then doth the Ellip/ſis Change or Degene- 
rate into a Parabola. Now a Parabola being that Secticn whoſe Ml -— 
Plain is always exactly Parallel to the fide of the Cone, cannot 
varie as the Elipſis may. For ſo ſoon as ever it begins to mot 
out of that Poſition, (viz. from being Parallel to the Cone's Sid 
it Degenerates either into an Elligſis, or into an Hyperbo[a, That 
is, if che Sed ion inclines towards the Plain of the Cone's, Baſe, it 
becomes an Ellipſis; but if it incline towards the Cone s Vertex, 
it then becomes an Hyperbola, which is the Plain of any Sefinll N 
that falls between the Paralola and the Triangle, And there-M -le, 
fore there may be as many varieties of Hyperbolas produce 
from one and the ſame Cone, as there may be Ellipſen. 

To be brief, a Circle may change into an Ellipſis ; the Elligji 
into a Parabela; the Parabola into an Hyperbola, and the Hp 
Bola into a Plain Tſoſceles Triangle. And the Center of the Cine 
which is its Focus or Burning Point, doth as it were part or d 
vide ir ſelf into two Focus's ſo ſoon as ever the Circle begins 
_ Degenerate into an Ellipfi ; but when the Ellipſis changes into 
Paravols, one end of it flies open, and one of its Fachs i vaniſh 
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and the remaining Focus goes along with the Parabola when it 
degenerates into an Hyperbola, And when the Hyperbola dege- 
nerates into a Plain I/o/cles Triangle this Focus becomes the Ver- 
tical Point of the Triangle. (viz. the Vertex of the Cone). So that 
the Center of the Cone's Baſe, may be truly ſaid to pals gradual- 
ly through all the Sections, until ir arrive at the Vertex of the 
Cone; ſtill carrying its Latus Rectum along with it. For the Di- 
ameter of a Circle being that Right Line which paſſes through 
its Center ot Focus, and by which all other Right Lines drawn 
within the Circle are regulated and yalued ; may (I preſume) be 
properly called the Circle's Latus Nctum; And altho' it loſes 
the Name of Diameter when the Circle degenerates into af E!- 
ligſis, yet it rerains the Name of Latus Rectum, with its firſt 
Properties in all the Sections, gradually ſhorrening as the Focus 
carries it along from one Section to another, until at laſt ir and 
the Focus become Coincident, and Terminate ih the Vertex of the 
Cone. Re, 

I have been more particular, and fuller in theſe Definitions, 
than is uſual in Books of this Subject, which I hope is no Fault, 
bur will prove of Uſe eſpecially ro a Learner ; and altho* they 
may perhaps ſeem a little ſtrange and ar firſt hard to be under- 
ſtood_; yet when they are well confidered and compared with 
a Cone, Cut into ſuch Sections as have been Defined; they will not 
only be found true, but will alſo help to form a true and clear 
Idea of each Section. | 


lm * 
— —— —_— 
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CHAP. II. 
Concerning the chief Properties of the Ullipſis, 


Note, If the Tranſverſe Diameter of any Ellipfis, as TS in 
the following Figure, be Interſected or Divided into any two Parts 
by an Ordinate Raightly Applied; As at the Points A, C, 4, &c. 
Then are thoſe Parts TA, TC, Ta, and SA, SC, $a, &c. 
aſually called Abſciſſe's ( which fignifie: Lines or Parts cut off) 
ped by the Rectangle of any two Abſciſſe's, i meant the Rectangle 
moe ſuch two Parts, as being Added together, will be Equal te the 
Tranſverſe Diameter. | | 
As TA+SA= TS, And TC+SC=TsS, 


r 
Aa a Sed. 
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Section 1. 


Every Eilipſis is 11 and all ſuch Lines as relate to 
it are Regulated, by help of one general Theorem. ag 


| As the Rectangle of any two Abſciſſe's : Is to the 
Thezoem, S f balf the Ordinate which Divides them:: 
So i the Rectangle of any other two Abſciſſe's : To 
the Square of half that Ordinate which Divides them 


N 


That is, | Fr] 
TA xSA : OBA :: Tax S4: (36a 24 


TAx$4: QBA :: NSC: N (oa OE a) 
TC xSC : Neu: Tax Sa: 012 MW 2 C 


a =; 
Demonſtration. 


Let the Annexed Figure repreſen; a Right Cone cut throtigh 
both irs Sides, by the Right Line TS, 
then will the Plain of that Section 
be an Ellipſis, (per SeB. 3. Chap. 1.) 
TS will be the Tranſverſe Diameter 
NCN and 6b ab will be Ordinates 
Rightly Applied. As before. 
Again, if che Lines Dd and Kk 
be parallel to the Cone's Baſe, they 
will be Diameters of Circles (per 
Sect. 2. Chap. I.) Then will A TCK, 
and TaD be alike. Alſo ASad 
and ASCk will bealike, 


Ergo ISA: 24: : SC: Ck n 
And IC: CX: : Ta $74, Per Theorems 13. 
1 |3| Sax Ck= ad x SC 


2 99999 Sk KC 


2. 4 Tax CRS TCD 
Sa x Chx Tax CK =ad x SC x TC x aD. per Axis. 
Bur CK x Ck = ONC a . 
And [7] aDXx ad= 4: Per Lemma Set. 2: 
Then for CK x Ck, and aD x ad. Take Nc, and 6 


SaxTax ONC = TCxSCxQ ba. per Axion 5: 
Sax Ta: (1b4::TCxSC:QNC. vide 5 5 


8 
X 
r 

0 20. 
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Or the Truth of theſe Proportion: may be otherwiſe proved 
by a Circle, without the help of the Cone; Thus, | 

Let any Ellipſis be Circumſerit'd, and Inſcrib'd wirh Circles, as 
in the following Figure. Then from any Point in the Circumſerib- 
ed Circle's Periphery, as at B, draw the Right Line Ba, Parallel 
to the Semi-conjugate Diameter NC, then will La be a Semi-Ordi- 
nate Rightly Applied to the Tranſverſe Diameter TS. As before. 

Again, from the Point b, (in the Ellipſis Peripbery) draw the 
Right Line bd, Parallel to the Tranſverſe TS. And draw the 
Radius B S& . 


Then will ABCa and Ac ,d bealike 


SBC:Ba::Cf:dcC 
Therefore | 1/4 per Theorem 1 1 
Tee, NC= CF 
Bur 2 Tand ba = 40 
Conſequ. 3 TC: Ba :: NC: be 
Or |4| TC: Nc :: Ba: ba 
4in D's |5| Orc: Nc :: B: 
Bur 6 Ta x Sa 3 | 
= Per Lem. ws 3 Chap. 1. ee ne 
Ta x Sa : :: TOXSC=OTC : x 
Therefore 7 * wok (J&s | ( ONC. 


And ſo for any other Abſeiſſe's and their Semi. ordinate. 


Theſe Proportions being found to be the true, and cane 
Properties of every Elligſis, all that is further required in ( or 
bout) that Section, may be eaſily deduced from them. 


&&, 2. To find the Latus Rectum, or Right Parameter 
of any Ellipfts. 


\ There are ſeveral ways of finding the Latus Rectum; but I 
ink none fo eafie, and ſhews it ſo plainly to be the Third 
Principal Line in the Ellipſis, as the following Theorem, 


Conjugate :: So n the Conjugate : To the Latw 
Rettum, 


A. (in the following Figure) TS : Nu :: Nx: LR the Lats Rectum. 


| As the Tranſverſe Diameter: Is in Proportion to the 
Theozem 


0. 3+ 


of Demonſtration. 


om From the laft Proportions take either of the Antecedents, and 
, 194 Conſeguent, viz. either ICM SC: ONC, Or Ta xSa: Oba 
"0 Aa a 2 and 
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and make T'S the Third Term, to which find a fourth Proper. 
tional, and it will be = LR: # 


Thus 1 egen 
<= S 
Bog Bur 2 [YAnd NC = Cn 
Therefore [3 | TC x SC = LOTS 
And |4 NC = UNA 
1, 3, 4 |5 | +QTS: 4ONs:: TS LR 
5 * LION. T8 
6 X FT [7 | OTSxLR =ONnx TS 
— 188 IS X LR = UNA 
2 Which gives the following Analogy. 
Viz. [9 | TS: Nn :: Nun: LR , 
a TC Xx SC: ONC :: Tax S4: Obs. 
Again 8 per common Properties. F 
1, 10 lil TS: LR:: TaxSa: Oba 


From hence it's Evident, that LR thus found, is that Ord: 
nate by which the other Ordinates may be Regulated and found, 
Therefore (according to its Definition Sell. 3. Chap. 1.) it is the 
true Latus Rectum. Q. E. D. 


ConſeA ary. V 
Hence it follows, that if the Tranſverſe and Conjugate Dian: 
ters of any Ellipſis are given 1 in Lines or Number. 
the Latus Rectum may be eaſily found; And then any Ordinat, 


rg Diſtance from the Conjugate is given, may be found, 
above 


Sect. 3. To find the Fotus of any Elipſi. 


The Focus is the Diſtance of the Latus Rectum from the Conju 
gate or Middle of the Ellipſis (vide Definition 4. Page 350 
And that Diſtance is always a Mean Proportional between th 
Half Sum, and Half Difference of the Tranſverſe and Conj ig 
Diameters, which giyes this Theorem. 


From the Square of Half the Tranſverſe, Subſtr 
Theozem 55 Square of Half the Conjugate ; the Square Rot 


their Difference, will be the Diſtance of each Fit 
from the Middle, or common Center of the Ellipfi 


5 1 is, ſuppoſing the Points F, and F, to be the Two Foc 
2. fC=CF, and TC= 3TS . NC = INA. Th 
Te +NC:fC:: Fc: TC— NC. Ergo OFC = rere 


Conſequently, FC =v OTE = Ne 


10 


a 
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Firſt 
And 


1 


| 


| 


„ 


TSX LR=(ONn. 

2] JS: LR 

3] TS: LR:: TC + CF Xx IC - CF: LRS QLF 

40 LRxTS= | | , 
OTC — CF x LR. 

| +LRx TS=QTC—OCF 

TS$XLR=; ONzn=ONC 


3 

6 ka. 

7 *INC=QTC — QCF. T 4 C 
9| CF=v GTC — ONC . 


Demonſtration. 


Per 8 Step of the laſt Proceſf. 
:: TFxSF: LF. Per common Properties. 


N 


: 4 


8 
5 


Now from hence is deduced that Notable Propoſition, upon 
which is grounded the uſual Method of Deſcribing an Ellipſis 
and Drawing of Tangents, &C. 


If from the Two Focus's of any Ellipſis, there be 
drawn Two Right Lines, fo as to meet each other in 
any Point of the Ellipſis Periphery ; the Sum of 
thoſe Lines will be Equal to the Tranſverſe. 


Viz. TN NF=TS IL LFS F. Or fB + BF=TS &c. 


Popoſition 5 


3 WY 2 
Hence 


| |S QCF+ONC=OTC N 
Per $th of the Laft. 
McCF ONC=ONF 
Per Theorem 11. T 
ONF = OTC 
Per Axiom 5. 
Fe 
2NF —2TC = TS i. 
TS:LR ::TFx FS: LE. Per common Properties 
rn: TFEXEFS : QEF 
re. 
TC: LF: : TC +CFxXTC—CF: OLF 
[Tex LES UTC — O CF 
FF＋OLF = Of L Per Theorem 11. 
4OCF-F OLF= OfL for 2CF=FF 
4TCxLF=AQOTC— 40CF 


40TC OLF=4TCXLF: + of L 
re: —4TExLF: + OLF= Of L 


— — — — ̃ —— — — 


Demonſtration. 


And LRS LF 


13 . 2 
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13 u 2 [14] 2TC—LF=fL | 
14+LF [15] zT =fL--LF But 2TC=TS$ 
Ergo [16] f L + Lf=TS o. E D 


. _ —_— 


And this Propoſition muſt needs hold true to every Point in 
the Elip/is Periphery, viz.at B, Cc. As will Evidently ap- 
pear to any One who rightly conſiders, That | 

As a Thread juft the Length of the Diameter of any Circle, 
having irs Two Ends ryed rogether,and then Moved about a Point 
in the Center (viz. by making it a double Radius ) will, by draw. 
ing another Point in its Extremity, Deſcribe the Periphery of 2 
Circle (vide Definition Page 280). Even ſo, 

If a Thread juſt the Length of the Tranſverſe Diameter (TS) t 
have irs Two Ends ſo fix d upon the Two Focus, (F and F) as 
that it may be Moved about them, by drawing a Point in its Ex-. 
tremity ( viz at its full Streach) it will deſcribe the true Peri. — 
phery of an Elliipſis. | | | 

Now although this Eafie Way of Deſcribing, Or, as uſually 
phraſed, Drawing an Ellipſis, be Mechanical, and known even 
ro molt Foyners, Carpenters, &c. yet it gives as Complear and 
Clear an Idea of that Figure, as any other way whatſoever; 
And by Deſcribing it thus about its Two Focus's, as a Circle is 
about its Center, doth plainly ſhew thoſe Two Points are not Im- 
properly called particular Centers in Definition 4. Sect. 3. Chap. 1, 

or each of them bears much what rhe fame reſpect to the Elip- 
is Periphery, as the Circle's Center doth to its Persphery. 


Set. 4. 75 Deſcribe or Delineat an Elli pſis ſeveral Ways. 


There are ſeveral (other) Ways of Deſcribing an Elipfis, both 
Geometrical and Numerically, according to peculiar Occaſions, 
bur I ſhall only mention Two or Three of them, leaving the reſt 
to the Learner's Genius, Now in order to that Work, it will be 
convenient to conſider what Lines are Requiſiterolimit or bound 
its Form, which I take to be chiefly theſe following. 


1. If the Tranfeerſe and Conjugate are given, the ar is 
perfectly Limited (vide Conſetary Page 363.) For if TS 
and Nu, be ſet at Right Angles in their Middle at C, And 
TC Or CS, be fer of from N, Or n, both Ways upon 
the Tranſverſe to f, and F; (viz, make FN=TC = NF) 
Then will thoſe Points F and F, be the two Focus's (Petr 
4th Step of the Laſt Procef) And then the Ell/ipſis may be De- 
ſeribed As above. 
2. 
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2, If the Tranſverſe Diameter and Latus Rectum are given, 
the Ellipfis is truly Limited, becauſe by them the Conjugate 
may be found, per Se8. 2. F | | 

3. Or if only the Tranſverſe, and the Proportion it hath, 
either to the Conjugate or Lat Rectum, be given, the Ellipfis 
is thereby Limited. As for Inſtance, ſuppoſe themgiven Ratio 
between the Tranſverſe and Conjugate to be, As a : To 4; 


| S 
Viz, a: dc: TS : Nn, then £ Es New: &c, 


4. If either the Tranſverſe, Or Coni ugate, and the Diſtance 
of the Focus from the Conjugate be given, the Ellipſis is Limited, 
becauſe by them the Conjugate, Or Tranſverſe may be found, 


Theſe being premiſed, and the precedent Work a little conſider- 
ed, ir muſt needs be Eaſie to Deſcribe or Delineate any Ellipfis in 
Plano, either Geometrically ; Or Numerically. 


1. To Deſcribe an Ellipſis Numerically by Points, 


Suppoſe the Tranſverſe Diameter TS = 20 and the Conjugats 
Nn = 12 ( either Inches or any _— | | | 
other Equal Parts) And let them Na bd 


creſt. each other at Right An= - 
ples in their Middles, As in the TH 
Point C. ii 


Thenwill TC = CS = 10; 
And NC =Cn=6, 
And it will 20: 12 :: 12 27,2 
= the Latus Rectum. 


th Again 20: 7,2 Or rather take their Rat io. 


ns, | 1 : 0,36 :: 1o IX IO — 1: C04. 1. 
et Thus 31: 0,36 :: 10+ 2X 10 — 2: 0. 2. 
1: 0,36 :: 10 ＋ 3X 10 — 3: Cd. 3. &c. 


ow x0,36=(14.1. Hence * 99% 0,36=5,97&C,—a.1; 
FO 


oo -N, 36 N. 2. ; * 96x0,36=5,88&c, b. 2. 


oh. 100—9x0,36=04.3. vg: x0,36=5,72&c,—=d.1 
And If fo many Semi-ordinates as may be thought convenient ( the 
pon Nor the better ) be found in this manner, and every one of them 
IF fer off at Right Angles from its reſpective Point in the Tranſ- 
per Wrſe Diameter each way; viz from 1 to a, from 2 to b\ 
De- om 3 to 4, &c. Then if a Curve Line be carefully 


awn with an even Hand, through thoſe Extream Points 
b, d, &c. it will be the Ellipſis Periphery required. 75 
2. 10 


ni — 
* 90 
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2, To Deſcribe an Elif Geometrically by Points. 


Having the Tranſverſe and Conjnagate Diameters given, viz. Ts 
and Nn, placed at Right Angles in their Middles, As before, 
Then from either End of the Conjugate, viz. N (or n) ſet 
off Halt the Tranſverſe Diameter 


xo x. That is, make NX=TC . 5 | 
(continuing the Conjugate Nu, when Cn . 
it # ſhorter than TC) Or, which 8 o 

Then take any Point in the Line G A. f 
'Cx at pleaſure. Suppoſe it at G, . 3 5 
and from that Point at G, ſet N N 
F the Diſtance Cx, to the | R 
Tranſverſe, as at E, viz, make GE Cx, and jon tel: 
Points GE with a Right Line, produced ſo far Land E, ue. 
to make EB= NC, Conſequently GB =TC. 7 


Then, I ſay, that wherever the Point G was taken between 
C and x, the Point B will juſt touch (or fall in) the Ellipfis 


Demonſtratſon, 
Draw the Right Line BA Perpendicular to TS. V 


Ler BA be a Semi-ordinate rightly Applied to the Tranſvei 
Diameter TS, Then AGCE and ABAE will be alike 


Conſequen. | 1E: AE :: EG: EB Per Theorem 13 


1, And | 2| CE AE: AE:: EG-|-EB: EB See Pag. 194 
Bur | 3] CE + AE=CA , EG+EB==TC And EB=N 
Therefore 4] CA: AE :: TC : NC 
6, in Q's | 5] HCA: DAE :: Oc : ONC 
| | | OC4xDONC --: :* ? | 
233 Oar 4b 
Bur | 7 UNC - AAB = ARE 
That is, DEB—OAB = OAE 
p 8 C AX NW 
9 7 ITC = CONC — O4B 


8x OTC | 9| QOCAXONC= QONCxOTC:— OAB x OW: 
9 = [10] ©NCx DTC: — QCAXONC = QABxO1 
10. Analogy [It] ATC + ONC :: OTC — c A: 04 
That is, ji2| Tex CS: NO:: TC+CAxXTIC—C4: 04 
Which is according to the common Properties of the Elly 
Therefore the Point B is truly found. Q. * 
et 


ry r 


Hence it follows, that if a convenient Number of ſuch Lines 
as GEB, be ſo Drawn. (u above directed) from the like Num- 
ber of Points taken between C and x, &c. their Extream 
Points (At at B) will be thofe Point. by which ( with an 
even Hand) the Ellipfis may be truly Deſcribed, As before. 
But if this be well underſtood, it will be very Eaſie to Con- 
teive how to Deſcribe an Eligſs very readily, without drawing 
thoſe Lines, by having a Thin ſtraight narrow Ruler juſt the 
Lengeh of TC, made ſomewhar Sharp at both Ends, up: 
which, from one of its Ends, ſer off the Lengthof NC. Then 
if che Point repreſenting E, be gradually or eafily Med 
along the Tranſverſe TS, and at the ſame Time, the Paine 
or End repreſenting G, be kept. ſiding cloſe along the Conjugate 
Nn; tis Evident from the Work above, that the End of the 
Ruler repreſenting B, will, by that Morion, aſſign the true Pe- 
riphery of the Ellipſis required. For by that Mor ion the Straight 
Edge of the Ruler doth ſupply an Infinite Number of the afores 
ſaid Lines; As will appear very Plain and Eaſie in Pra8ice.- 


—_—_— * ng 
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yes Feb N 
Now from hence was Deduced the fiſt Invention of that well 
contrived Jnſtrument for Drawing an Ellipfis by one Motion, 


comnionly called the het pet Campaſſes, being uſually made 
& of Brafi, and compoſed of Three Parts, Two of which repre- 
pee 


ſent (or rather ſupplie) the Tranſverſe and Conjugate Diameters 


Ke. et rogerher at Right Ang/es 5 And the Third Pare is a Movea- 
1 Rr, which che Offce of che Laſt mentioned Thin 
Ar. But becauſe the making of it is ſo well known to moſt 


aematieal Inſtrument Makers, = - 
Eſpecially to that Accurate and Ingeniow Artift My, Jobn 
Rowly, Mathematical Inſtrument Maker under St. Dunſtan's- 
hurch in Fleetſtreet, London; who for bu great Skill in Con- 
living, Framing, and Graduating all kind of Mathematical In- 
Iruments; may, I believe, be Juſtly called one of the beit Workmen 
by Trade in Europe. r 
| think it needleſs rherefore to give a particular Deſcription 
e erty o Ennio. wn 0 I 
Alſo from hence came that Ingeniow Invention of making 
eines for 5 4 ſorts of Elliptical Or Oval Work, as 


=N 


va! Boxes, Pifture Frames, &c, 


B bd 


— 


a : — — 
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Sec. 5. Any Ellipſis being given; To find its Erancverde an 
Conjugate Diameterr. 
Suppoſe the given Ellis to be TNS (in the Annexed 
Scheme) in which let it be required to find the Tranſverſe Dia. 
meter TS, and its Conjugate Jn. . 
Draw within the EIliqſis any Two Right Lines Parallel to each 
other, as Hh and Mm; And „ 5 
Biſſe# thoſe Lines, viz. find. the | 
Middle Point of each, as at X 
and P. Then through choſe 
Points K and P, draw a Right 
Line, as DA, and it will be a ,\ 
Diameter; For it will Divide the 
Ellipfis into Two Equal Parts (See . 
Def. 1. Page 357.) ConſequenWt . 
ly the Middle of D A will be the true Middle or common 
Center of the Ellipfis, As at C. en f 1] 
For *tis the Nature or Property of all Diameters, howfoever they ar: 
Drawn in any Ellipſis (As it , in a Circle) to cut or croſſ one an- 
ther in the common Center, or Middle of the Figure, As at C. 
Upon the Poine C, Deſeribe an Arch of any Cirele that will MW 81 
cut the Ellipſis Periphery in Two Points, As at B and 6; 
then jeyn thoſe Points Bb, with a Right Line, and ir will be 
an Ordinate, through whoſe Middle (A, at 4) and the common 
Center C, the Tranſverſe Diameter TS . mult paſs. 
For BS =Sb, and Ba is at Right Angles with TS; 
Therefore the Line Bb is an Ordinate Rightly Applied to TS 
the Tranſverſe Diameter. And if. the Point C there be 
Drawn the Right Line Nn Parallel to Bb; it will become Wl { 


the Conjugate ; As was required, 
Sed. 6. To Draw a Tangent or Right Line that may touch tht Whi 
._», Ellapfis Periphery in any Aſſigned Point, 7 


The Drawing of Tangents to, Or from any Aſſigned Point in 
the Ellipſis Perjphery, admirs of Three Caſes. i Vs Tha 


Caſe 1. If ix be required to Draw a Tangent that may Toud 
the Ellipſis in either of the Extream-Points of its Tranſverſe Did 
meter, As at T or 6, it isplain, the Tangent muſt be Dram 
Parallel to the Conjugate Diameter Nu, As HK in the fol. 
lowing Figure is ſuppoſed to be, ; 


* * — 


&. a. # 
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Caſe 2. 01 if the Tangent muſt be Draws to Touch the Ellipſ. 
in either of the Extream Points of its Conjugate Diameter, As a 
N or u, tis as Evident that it muſt be Drawn Parallel to the 


Tranſverſe Diameter TS, as RM. 
Tangent, andthe Tranſverſe v were 

beck Betis, Continued, they H 
would never meet. 


Caſe 3. But if ir be required 
to Draw a Tangent that may 
Touch the Ellipfis in any other | > 
as at B, &c, 2 
Then if the Tangent | 


Point, a 


Conſequently, if chat 


| 


1 | M 
and rhe 1 


Tranſverſe Diameter be both Continued, they will meet in ſome 
Point, as at P; And thoſe Two Points (vir. B and P) do 


ſo mutually 


Aſfiened in Order to find the n that fo the Tangent may by 
them be wy Drawn. 


' Ler DTS „ As: and x = AP. Then if 5 be 
given, x may be found by this, Theozem 


depend u 


pon each other, that one of them muſt be 


DJ —=27 
10 — y =X. 


Or if x be given, » may be found by this Theorem. 
Fe 5D + DD 
Cheozem {Az 8 


- Demonſtration, 


Draw the Semi-Ordinate ba, as in the Figure ; ; then will 
ABAP and AbaP be alike. 


Pur x A4 the Diſtance 


between the Two Semi-ordinates ( viz. between BA and ba) 


2 


SOG 


it 


which we ſuppoſe Infinitely ſmall. 


J 1 — & :: BA : ba Per Theorem 13. 
D - ⁰̊ : dre 2034: 04 
Dy—y * Dy — y+ 2yX—Dx—axx:: UBA: (ba 


JI © 11 — 2xx -+ xx :: UBA: Oba 

* O Thar ſo x may be every where Rejected 
Dy -: D e e : OBA: Aba 
IK: zT: 1034: U 


Dy — 39 : Dy —y HY D:: XJ 38 27 
IX — Dx = 25573 — 2D»; 

3Dz = yy — Dy 

iD; —5 = Dy —» 


Bbb 2 


_ "* Conick. Sections, Far Iv. 


Dy — yy Which che 1 Fr . 

* et = 5 —5 gives the following Analogy, 
Analogy 13 4D 39 -. Vu. cars 
10 - HAD — = π = = 

14 CO 15 »—Dj—1x+4DD—iD4+#4$=4DD + it 
15 2 16 D- — x 


Fug is I = D-+ -4 ID +: DD-+ + —_ is the 17 
TEE he 5 1 1 Ae QED 


The Geometrical Performance of theſe Two Thorems i is very 
Eaſie, As by the following Figure. 


1. Suppoſe the Point B in the Blls fis Peri : The were 
and it were required to find the Pein: , 57 gives, 
Make TC Radium, and upon the Common Center c Deſerihe 

the Semi- circle TdS; and joyn the Points C and d with 

Right Line; Then BiſſeR \ Line (Per Prob. 2. Page 287 (2 
— mark the Point where the Biſſeting Line would crofi the I f 
Tranſverſe, as at e. Upon that Point e, with the Nadin f, 
Ce (or Cd) Deſcribe anochls Semi- circle, producing the Tran: | 
weſe Diameter to 1ts Periphery, and it will affign the Point P, by 


For if D=TS.y=AS , and =>, As before. 

Then [II D —y x3 = Oda. os: th 
And [2] 1D -N X dA * . T 
For [3] TA:dA:: 44: 584 38 - LF. - 
And |4| C4:d4:: dA: AP ; fe 5 
But CA = D-, &. — : c 

+ Db Dy — 9. & - 8 

Tz 25 NAsat the 11 Step before. | l 1 

N = = 


Therefore the Poins P is truly 
found; Conſequently, if e Line be Wat Geügh hk 
Points B and P, it be the ren. rr accordin D 1 
to the Firſt Theorem. , : | 


2. The Converſe of this i is as Eee; to wit, if the Point it u 
be given, thence to find the Point B in the Ellipfis Peripher 
Thus, Circumſcribe Half the — with the Semi- cin 
TAS, As before; And Biſſett the Diſtance between the Poin 
C and P, As at e; vi. Let Ce ep. Then makin 
Ce Radi, upon the Pont e Deſcribe the Semi- circle Ca 
And from the Point where the Two Semi- cireles Interſect « 
Croſs each other, as at d, Draw the Right Line d 4 Perf" 
Aicular to the Tranuſver : TS, and it will Aſſign the Point 

Conti 
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contact B in 1 Elipfi Feri iphery, through which the Tangent 
muſt 

roles Practical Method of Drawing Tangents to any Aſſigned 
Point in the Elipfis Peri phery, may ( without finding the aforeſaid 
Point P] be eaſily deduced from the ig po Woe, 
genes drawn to a Circle, which is this. 


If ro any Radius of a Circle, As CB, 
there be Drawn a Tangent Line (As HK) { 
ro Touch the Radius ar the Point B, 
The' Two Angles: which the Tengeut | 
makes with the Radius, will always be 
Two Right Angles (16, 17, 18, 19 
Eniclid. 3.) 

Tha is, LH Be „e BK = 


In like manner the Two ren 15 berween the Tangent 
and the Two Lines Drawn from the Focus's of an Ellipfs to the 
Point of Contact, will always be Equal; but not Right am” 
fave only at the Two Ends of the Tranſverſe Diameter. 

Tbeſe being well conſidered, and compared with what hath 
been ſaid in Page 366 it muſt needs LO eaſie ro nnderſtand the 
following way of Drawing Tafgents, to any Af: gned Point in 
the Eligſis Periphery; which is thus. 

Having by the Tranſverſe and Conjugate Diameters, found the 
Two Focuss f and F, per Se. 3. From them CIO Tao 
Right Lines to meer fd other in 
the Aſſigned Point of Contact, as fb þ 
and FC (Or FB and FB) . 
the Anne xed Figure. Next ſer off 
(viz. make) bd UF (Or BD 7. 2 
BF) and joyn the Points Fd 7 
(Or FD) with a Right Line. 

Then, I fay, if a Right Line be 
Drawn through the Point of Contact 
b (or B) Parallel to dF (or DF) 
it will be the Tangent required. 
For it is plain, that as the Cf NH = LEN K when the 
Won't is Parallel to the Tranſverſe Diameter z even ſo is the 
{.fbh = LFA (and LfBH = L FBK) And will be 
every where fo, as the Point of Contact h (r ) and its Tan- 
* : I about the Ellipſis . Wine the Lines F b F 

r FBF 


i & g 
1 2 * « . | | p 
CHAP, 
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CHAP. III. 
* 


b concerning the Chief Properties of every Parabola. | 
Note, In every Parabola, the Intercepted Diameter, Or tha 
Part of its Ax which n between the Vertex and that Ordinate which 
Limits its Length; As Sa Or SA, &c, is called Abſciſſa, 


Se. 1. The Plain or Figure of every Parabola, 1j Proportioned by 
itt Ordinates and Abſciſſa's; a in the following Theorem. | 

A. any one Abſciſſa * Is to the Square of its Semi. 
Theozem Le : Co # any other Abſciſſa : To the Squart 


of its Semi-ordinate. | 
That is, if we ſuppoſe the Annexed Fi- S 
gure to be a Parabola, wherein S 4, and 
5 A, are Abſciſſa's, and bab, BAB 
Ordinates Rightly applied, it will 
be Se: Obs :: $4: DBA40 vhcreloever — 
Or sa: SA Oba: ABAY , are taken 4748 
And fo for any other Abſciſſa, &c. | — 
| 'Demonſtration- 
Let the following Figure HV repreſent a Right Cone, Cut 
b : : wh 3: 
into Two Parts by the Right Line S A, Parallel to its Side V H. 
Then the Plain of that Section, viz. BbSbB will be a Para. 
Bola, per Sect. 4. Page 358. wherein let us ſuppoſe 8 A to be I 4», 
its Ax#, and bab, BAB to be Ordinates Rightly applied to Ver 
that Axs. | Lat 
Again, Imagine the Cone to be Cut by the Right Line hy 
Parallel to its Baſe HG. Then will þ g be the Diameter ol 
a Circle, per Sect. 2. Page 357. And ASag like to SA. 
V 


1 JS: ag :: SA:AG 
Therefore | 2 per Theorem 13. 
3 Sax AG SANA 
2 x ba |3|4 SexAGxha=SAxagxha 
bs Per Axiom3. 
Bur 4|SHA= ha becauſe SA 
| Cis Parallelto VH 
| IGBA=AGxHAU PE 
| And 4 502 ag X 4 5 75 
3, 4, 5 HSC BASS SA / N. J 
Per Axiom 5. We: "3 
SY :: SA: 0344 — . 
ide Page 194. 
—— 


7 
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| Theſe Proportions being proved to be the common Property of 
every Parabola; all that is farther required about that Section 
or Figure, may from thence be eaſily deduced. 


Sect. 2. To find the Latus Bectum, Or Righe Parameter of 


am Parabola. | 

The Latus Rectum of a Parabola, hath the ſame Ratio or Pro- 

portion to any Abſciſſa; and irs Semi-ordinate ; As the Latus Re- 

dum of an Ellipſit, hath to its Tranſverſe aud Conjugate Diameters, 
And may be found by this Theorem. 

As any Abſciſſa : Is in Proportion to its Semi-ordi- 

Theozem | Cnate: : So # that Semi-ordinate: To the Latus Rectum, 

Let L = the Latu Rectum. 


Then |1,| Sa: ba:: ba: LM vbere ever the Points 4,and 
And |2| SA: BA:: BA: LI XA, are taken in the Ax#. 


ba 18 
„ 5 SIL. Or S$axL= ba 
034 | | 
$ 7 14 = = £2 Or 84x L = QBA 
| | | SOIT! 
| OB4 Oba eee 
re . 
5 x [6] Sax ODBA=ZSAx Oba 8 this Analogy, 
Analogy [7 |; Sa : Oba :: SA: 084 The ſame as at the 7th 
Step of the Naſt Proceſs ; Therefore L (thu found) is the true 


Lam Rectim by which all the Ordinates may be Regu ated and 
hg Mound, according to irs Definition in Section 4. Page 358. 
85 For by the Third Step SaxL = UA. And by the 
th Step  SAxL= OBA. Conſequently \Sa xX:E = ds 
ind SA xL = BA and ſo for any other Ordinate. 
Or if the Ordinates are given, To find their Ahſciſſas; Then 
t will be, L:ba :: bat S. And L: BA:: BA: SA, &c. 

| i=, O84 


b 4 | 
onſequently EE =8a: And * SA, &c, 


From the Conſideration of theſe Proportions, it will be 
WF wo conceive how to find e Fe Roche Geemerrieelly. 
as. x Leith BR 


Fon 


—— RO — 
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Foyn the Vrrrioal Poine & of the Axt, and either Barren 
Poine of any Ordinate, as B, (or #) with a Right Lan, 
viz, SB (or $6) and Biſſef thar Line 
( per Problem 2. Page 287.) marking the 
Point where the biſſecting Line doth Inter. 
ſett or Croſ the Axu, as at E (Or e) 
and with the Radius SE {or Se) upon 
the Point E (Or e) Beſcribe a Circle, 
(At in the Annexed Fi igure Then will 
the Diſtance between the Ordinate, and B/ 
that Point where the Circle's Peri bery 
cuts the Axs viz. AR ( Or ar) be 1 
the true Latu Rectum required. | 2 
For SA: BA:: 54: 4K And Sa: bat: ba: ar. per 15. 11 * 
above. aK L. And ar = L by the 1ſt and 2d 50 0 


Confeaary. * TEE Ve 
n theſe Proportions of finding the Latus Rectum, it wil be 
eaſie to deduce, and Demonſtrate this following Theorem. Or 


As the Latus Rectum : Is to the Sum of any Tu T. 


Theozem Teresa; : $0 6 the Difference of thoſe Tai 
Semi-ordinates : To the Difference of their Abſciſſa!, 


Suppoſe any Riybt Line drawn within the Para hola, as h D, 
Parallel to its Ax#s S A, Then will that Line (viz. D) ber 
Diameter (per Defi, 5. Page 359) which will make EDS ABA 
DB = AB— ab, And bD = 54 — Sa. Then it wil 2 
be L: ED::: DB ; . According ro the Ware = I, 

; | ; & 


| 4 Per Step 2. 
1 {of the Laſt Proceſ.. | 


nb x 
$4= T Per Step 1. 


ec the Laſt Proceſs. 

OBA— Ob 
| A 

$A—SaxL= DBA-Qba. 


1-—2]3 $A — $a == 

| * um 
bine 
ittle 
Eure 
IZ. O 
np to 
ell cc 


Za; 


3 
[ A ——= (Which gif 
| But / EE PTD, the followint 
7 
5 


| Oe 
6, Analogy 
Or | 


SA—Sax L = BA+baxBA—ba { Analogy. 
$A —Saz 
4 


L: BA + ba :: BA — 
L: ED-:- 3. DB 


19» 
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Thi peculiar Property of the Parabola, was firſt Publiſhed Anno 
1684 by one Mr. Thomas Baker, Rector of Biſhop Nymron in 
Devonſhire, in a Treatiſe Intitul d, The Geometrical Key; Or, 
The Gate of Aquations Unlockt ; wherein he hath ſhewed the Geo- 
metrical Conſtruction and Solution of all Cubic, and Biquadratick 


Adfefted Aquations by one general Method, which he calls a Cen- 
tral Rule; deduced from thu peculiar Property of the Parabola, 


Sect. 3. To find the Focus of any Parabola., 


The Focus of every Parabola, is that Pont in irs Axn through 
which the Latws Rectum doth paſs. (vide Definition 3. Sect 4, 
Page 359) Therefore its Diftance from the Vertex of the Par-- 
boa may be eaſily found, either by the Latus Rectum it (elf, 
or by any other Ordinate and its Abſciſſa. 
Thus; Suppoſe the Point at F to be the Focus; S the 
Vertex; the Ordinate RFR =L the. | 1 


Latus Rectum; And bab any other 
Ordinate. 
O 


Then will SF g= 4 L. Or SF — 
438 + 


Demonſtration. 


1 SFxL = QFR Per Se. 2. Page 375 
And | 2 | FR=3L. For the Ordinate RFR=L as above, 
2 & 2. 13 | DFR =if)L, = ak NIL 
I=3,|4 S$Fx L.=$O0L | | 
«+—#[, SF =iL As per Definition 4. Sef.4:; Page 359 
8 | 


Firſt | 


/ Oba 
Again 77 L by ue Thing Step in Page 375. 


| b | 
Conſequ. 7 | = = 41. Sc. As above. Q. E. D. 


a 


_ 


F 


Sect. 4. To Deſcribe or Draw a Parabola ſeveral Ways: 


Note, There are Two or Thre# Ways of Drawing a Parabola In- 
tumentally at one Motion; but becauſe thoſe rnb or Ma- 
hines are not only too perplext for a Learner to manage, but alſo 4 
e Subject to Errour, I have therefore choſen to ſhew how that 
Wy igure may be {the beſt) drawn h a condenient Number of Points, 
12. Ordinates found, either Numericaly, Or Geometrically, accbrd- 
ng to the Data ; which, if the Work of the Three laſt Section: be 
el! confidered, muſt nerd: 2 n 


* 
0 Un ð Ü ]; z ²⁵³ꝛ0A 2222 — — — * 
— — 
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1. If any Ordinate and its Ab/ciſſa are given, there may by 
them be found as many Ordinates as you pleaſe ro aſſign or take 
Points in the Parabola's Ax, (per Set. 1. Page 374.) and the 
Curve of the Parabola may be Drawn by the Extream Points of 
thoſe Ordinates, as the Ellipſis was, Page 367. 2 25 

2. If the Larw Redlum, and either any Ordinate, or its Ahſciſſa 
are given, then any aſſigned Number of Ordinates may by them 
be found (per Sect. 2. Page 375.) either Numerically, or Geome- 
trically. &c. | WEE 5 

3. If only the Diſtance of the Focus from the Vertex of the 
Parabola be given; any afligned Number of Ordinates may be 
found by it. For SF = L the Larus ReFum, And L= FR 
as in the Laſt Section ; And it will be, As SF : Is to DER + 
So is any other Abſciſſa (viz. $a, Or $A, &c.) : Lo the 
Square of its Semi-ordinate (viz. Oba, Or BA) according 
ro the common Property of the Parabola, , 


Altho' any of theſe Ways of finding the Ordinates are eafi 
enough; yer that Way which may be deduced from the follow- 
ing Prepeſition, will be found muck more eaſie and ready in 


Practice. | 

2 The Sum of any ena and Focal Diſtance ow 

a the Vertex, will be Equal to the Diſtance from t 
P2opoſttion 4 to the Exeream Point of the [nero which 
> cuts off that Abſciſſa. n 

For Inſtance, Suppoſe $ to be the Vertex of A 
any Parabola; the Point F to be its Focus; 
and AB any Semi- ordinate Rightly Applied to 
its Ax SA. Then, I ſay, where ever the 
Point A is taken in the Axis, it will be 
SA + SF = EB. Conſequently, if Sf = SF 
it will be f.4 = FB. 


* 


A- 


Temonſration. 
Firſt | 1} SF = L by the 7th Step. Set. 3, 


Ergo 2| f4= FA I 3b by Conſtruction above, 
2@ 2 | 3] DfA=DFA+FAxL:+43LL - 
Again | 4 SA = FAA 3L by the Suppoſition and Figure: 
4 L S S =FAXL: 4-4LL Bur $A x L= OA 
3—6.| -A = ON. Conſe. Of4=O0 FA+O46 
But 8 GFA UR n Per Theorem 11. 
a Se n on; e e 
guy 10 f4 = FB 25 
—U— ũ— ä—c.ͥ — Thi 
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This Propoſition being well underſtood, it will be very eaſily 
applied to Practice; ſuppoſing the Focal Diſtance given, or any 
other Data by which it may be found. 

Thus, Draw any Righe-line to repreſent the Parabola's Axn, 
and from irs Vertical Point as at &, ſet off the Focal Diſtance both 
upwards and downwards, viz. make Sf = SF the Diftance of 
the given Focus from the Vertex: As in the laſt Scheme. Then 
by the Propoſition it is evident; that if never ſo many Lines be 
drawn Ordinatly at Right-angles to the Axn, the true Diſtance 
between the Point F out of rhe Parabola, and any of thoſe Lines 
(or Ordinates) being Meaſur'd or ſet off from the Focus F to the 
ſame Line, (or Ordinate) it will Aſſign the true Point in that 
Line through which the Curve muſt paſs. Thar is, it will ſkew 
the true Limits or Length of that Ordinate. As at B in the laſt 
Scheme. 

Proceeding on in the very ſame manner, from Ordinate to 
Ordinate, you may with great Expedition and Exactneſs, find 
as many Ordinates (or rather their Points only, like B) as may be 
thought convenient, which being all ond together with an ever 
Hand, will form rhe Parabola required. 


N. B. The more Ordinates (or their Points) there ave found, and 
the nearer they are to one another, the eaſier and exacter may the 
Curve of the Parabola be drawn. The ſame 1 to be obſerved when 
any other Curve x required to be drawn by Points. | 


Set. 5. To draw a Tangent to any given Point in the Curve 
. of a Parabola. 


Tangents are very eaſily drawn to the Curve of any Parabola. 
For, Suppoſing S to be its Vertex, 
B the Point of Contact; viz. the 
Point where the Tangent muſt touch 
the Curve. And P the Point where 
the Tangent will interſect (or meet 


with) the Parabola's Ax produced. a4 1 
Then if from the Point of Contact 
B, there be drawn the Semi-ordinate 


BA at Right-angles to the Ax#x SA, | 
where ſo ever the Point A falls in the Av, it will be SP=SA. 


Demonſtration. 
Draw the Semi. ordinate ba (@ in the Figure) then will 
Ccc2 the 


% 
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the ABAP, and Ab aP be alike. Let 5 = AS the 4. 
ſeiſſa, and 4 SP, put x= 4a the Diftance between the 
Two Semi-ordinates ; which we ſuppoſe to be Iifinzeely near each 
other, as in the Ellipfis page 371, 


* 1 OI: BA:: J: Per Theorem 13, i 
I, 2 K: 1 144. :: B54: 64 Vide Page 192. 

| 1 3| 3: DBA :: y-þ-x: Oba Per Theorem Page 374 

* Or 4 5 2 „ Tr 22 OBA : ba 
2inD0*| 5p +253-+33 N D 37 +24x-+-xx:0BA:Oh 2 
4, 5 | SD EN νοοο 2)4-+ 23x38 NTA 


6 7 92 2,7 I ＋ 5& -F 28x + = 7 
2) -Þ 277 - 25x + {+ 2 + xx 

Thar is, | 8 * 9x -- xx Conſequently I =y-+x 
Suppoſe 9 =o And Rejected, as in the Elipfis Page 371, 


Then | 10 5 =y Conſequently x7 ges 
10 %% 2 iA That is, S5 = S 15 
| E. D. Di. 
. , 7 
5 yo BEE 
of 
C HA P. IV. and 
1 
Concerning the chief Properties f the Þyperbola. | * 
a 
Note, Any part of the Axis of an Hyperbola, which * inter. . 
cepted between its Vertex and any Ordinate, (viz. any intercepted wil 
Diameter ) x called an Abſciſſa; as in the Parabola, | | # 
Sect. I. 2 
| The Plain of every Hyperlela, is proportioned by this General 3? 
| | Theorem, ©- 


As the Sum of the Tranverſe and any Abſciſſe 
Multiplied into that Abſci Yo: Ts to the Square 
e its Semi-ordinate : : So n the Sum of the Darf 
and any other Alſciſſa Multiplied into that Abſciſe 

P the W of its Semi. ae 


| Cheozem. 


Chap. 1 Concerning the Pyperbola. 
That is ; if TS „be the Tranſverſe Diameter; 


Sa , SA, Abſciſla's. PT 
And Ws „ BA, Semi-ordinares, | 
C 


„„ (Ta = T$ + $8. 
Then 1s 12 =TS + $4, 


And it will be | | | 
Ta x $a: Oba :: TAXSA: OBA: 
That is, 


TS-|-SaxSa: Oba:: TSH SAX SA: OBA. 
&c. 


Demonltration. 


Let the following Figure HV, repreſent a Right Cone cut into 
Two Parts by the Right-line SA, Then will the Plain of that 
dect ion be an P per Sect. 5. Chap. 1.) in which let S4 
be its Ax# or _— Diameter, bab, and BAB, Ordinate: 
Rightly Apply d, ( as before in the Parabola) and TS its Tranſverſe 
. Diameter. | 

Again, if, the Cone is ſuppoſed to be Cut by hg, Parallel ta its 
Boſe HG, it will alſo be the Diameter 
of a Circle, Sc. As in the Elipſis 
and Para bola. 

Then will the ASga and ASG A, be 
alike, alſo the ATah and ATAH will 
be alike, therefore ir 


vin be [1] Sa : ag :: $4 : 4G 
A And 2] Ta: ab :: TA: AH 
1 * 13] Sax AG =SAxag 

2 „ 4 Tax AHS TAN 4b 

Sax Tax AG Xx AH = 
J(L=$SAX TAX ag X ab 
ag xab Ua 

AG x AH = 0 AB. 
7, T per Lemma Page 357- 
| Sa x Ta x UAB = 
6 3<54 x 4x Dab 
l 


Which give the following Analogy. 1 
SaxT4; Da :: SAX TA: 0.4 C. 
TELE! Ove Hus 


| Theſe 


— — — 


. 


— — — ce — = 
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Theſe Proportions are the common Property of every Hyperbo/ 
and do only differ from thoſe of the Elles in the Sigh . 
And —. As plainly appears in all the 
following Proportions. 


: £ 
Thar is, if we ſuppoſe TS, the Tranſ- 
verſe Diameter, common to both Sei- | | 
ons {viz. both the Elipſis and Hyperbo- B | 
la) as in the annex d Scheme, be 


Then in the Ellipſis it will be | CB 


TS—SaXSa: Oab :: TS—SAXSA : OA. 0 
As per Set. 1. Chap, 2.) 
And in the Hyperbola it is 


TS-+SaXxSa: Qab:: TS+SAXSA: DAB, F = F 
As above. 7 A 1 


And therefore all that is further required in the Hyperbola, may MW th 
(in a manner) be found as in the Eligſis, due regard being had he 
to Changing of the Signs. As 


Sec, 2. To find the Latus Rectum, Or Right Parameter / 
any Hyperbola. - 


From the laſt Proportion, take either of the Antecedents and il 
Conſequent, viz, either Ia x Sa: Ua. Or, TAX SA: OA 3 
To them bring in the Tranſverſe T for a Third Term, and bi 4 
thoſe Three find a Fourth Proportional, (As in the Ellipfis) andi o. 
that will be the Latus Rectum. LS 1 

: 2 Dab TS | 

Thus 5 1 Q 28 TS N = me Li Tha 
'Ceus Rectum, which call L (As in the Parabola.)  T 

[Then 21. T$ L:: Toa xis £© Oe = erfe 
But 3 TaxSa: Qab:: TAxSA: AB. Thereforof 1 
2, 3 4] TS: L:: TAXSA: OAB, &c. s ab 
2 1.0 

Conſequently L is the true Latys Rectum, or Right Parameteircle 
by which all the Ordinates may be found. According to rau 


Definition in Chapter 1. 0 C. 
And becauſe TS-j- Sa = Ta. Let it be 78 ＋ Sa, inſtead of TW 2h 
Then it will be De — — k. 
18 x Sa: OSa 
DQab x TS 


And in tle Ellipfis it would be, === A 
See Sect. 2. Chap. 2. IS XS: — OS 


Chap: 2 Concerning the Dypervola, 


1 


Seck 3. To find the Focus of any Hyperbola. : 


The Focus being that Point in the Hyperbola' s Axis, through 
which the Lats Rectum muſt pals ( as in the Ellipſis and Para- 
bola ) it may be found by this Theorem. 

To the Reflangle made of Half the Tranſverſe into 
Half the Latus Rectum; Add the Square of Half 
Theozem <the Tranſverſe; the Square Root of that Sum, 
will be the Diſtance off the Focus from the Center 
of the Hyperbola. 
- Demonſtration, 


Suppoſe the Point at F, in the rer Scheme, to be the 
Focus ſought. Then will FR | 

Let TC = CS be Half the Ba T 
Then is the Point C called the Center of 


the Hyperbola. (for a Reaſon that ſhall be 
l e > ſhewed.) n 


Again, Let CS = d. And SF=4: 13 


Then 1 2d: L:: 2d + AX A: LI. S 
Thar is, [2 | TS: L: IT SORE 3 CAFR 
1 .*" || 34L =244-1- as 

3 ＋ dd |4| dd AAL = dd 2da aa 
4 u 25 VA al d+4a=FC. 
Or, 5,-d 6 YA AI —d= = A = k 
In the EUA i it is, 2d: L:: 2d —- ax 4: LL. 
Li That is, dL = 2d — an, &c. 


The Geometrical Effection of the Laſt Theorem is very eaſily 
erformed, Thus. 


ang $x= LL, Vi. Half the Latus Rectum; And let Ee; 
s above. 2 


Upon Cx (as a Diameter) deſcribe a 
3 ; and at S the Vertex of the Hyperbola, 
Draw the Right Line nSN ax Right. angles 
o Cx, Then, joyn the Points C, N, with 
of Ti _ Line, and will be CN A La Ec. 


1 [CS: SN:: N: Sæ Per Fig. 
Date 


2 | d:3; N:: SN z N. 

3 13 
Bur [6 47+ DN = QOCN Vl 

6 


meter 
to BK 


AL = ON 
3 du + 24L = HCN n 
| Vdd+$dL =CN=d +4; &c, 
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Now here is not only found the Diſtance of the Hyperbola's 
Focus, either from its Center C, or Vertex S, But here is alſo 
found that Right Line uſually called irs Conjugate Diameter; 
viz, the Line & N, which beats the ſame P#oportion to 
the Tranſverſe and Latus Rectum of the Hyperbola, as the Con- 
jugate Diameter of the Ellipis doth to its anſverſe and Latus 
Rectum. 

For in the E/lipfis TS: Nn:: Nu: LR. per Sect. 2. Page 363. 

Conſequently TS: Nun :: Nun: ALR 

Bur 11 4. K = N. M = 22; 
Therefore d : SN :: SN : L. As at the Second Step above. 


What Uſe the aforeſaid Line 2: SN is of, in relation to the 
Hyperbola, will appear further on. 


Sect. 4. To Deſtribe an Hyperbola in Plano. 

In order to the Eaſie Deſcribing of an Lyperbola in Plano, it 
will be convenient to premiſe the following Propoſition, which 
differs from that of the Ellipſis in Se. 3. Chap: 2. only in the 
Signs. 


If from the Focus's of any Hyperbola, there be 15 
| drawn Two Right Lines, ſo as to meet each other 
P)opolition Sin any Point of the Hyperbola's Curve ; the Diffe- | *4 
rence of thoſe Lines (in the Ellipſis ir is their 
Sum) will be Equal to the Tranſverſe Diameter, 16 


That is, if F be the Focus, and it be made C F =CF («MF 1; 
in the laſt Scheme) then the Point F is ſaid to be a Focus out 
of the Section (or rather of the Oppoſite Section) and ir will be, n 
FB — FB = TS. ; 
Demonſtration. be 
Suppoſe FC, Or CF =, and SA g= Xx. Let CS of 
Or TC — 4, as before. 


Then will TA = d--x A. And FA=d + x— 2. 5 
Again, Let fFB=h, and FB =. Then 24=h -l o 
by the Propoſition. | Dy - Sup 


From theſe Subſtituted Letters it follows, | 


That 1 | dd A- 24x + 247+ xx + 27x ＋ $3 = Of4 
And | 2 | dd + 2dx —2d{ +'xx — 27 + J — OF 
TY 4 AAB NB. And DFA+OAB=0HR 
5 t „ 5 *% g 
of Lu | 3] 44+14L 4 + de as= Orc 
BY: 47 34 


— * 


Chap: 4. Concerning the Þyperbola, 


3-— dd 
4 3d 
Again 


13 — 4 
14 —d 


16, Or 
3 


16 


17 


18 


I — dd 
X — 4d 
74 


24: © 


. 

2 a * 
2d: L:: 2d + XX &: U 
— 44 


AB Per com. Properties, ON 
2dx E xx : 


385 


04B 


24 AA 1 _ 2dddx — ddxx © 
Ta | 
92 ＋ 2dx + 247 ＋ xx + 2x ＋ 2 


e 


) 2477X + 22Xx—2d*x—ddxx 
dd 


= COfA-+DAB= bh 


| dd ＋E 2dx — 2d; —- xx — 23x ＋ A 
2473x+7zxx = 24*x —ddxx 


dd 


= FFA AB =bb 


d* 2d A 2ddzx -|- ddzz 2d xx = ddbh 
d* — 2d) — 2ddzx + ddz3 i - {xx =ddbb 


d - 3 -+ 
d — X — 


7 
d 


| 


dd + dx -+ 2x = db 
dd — dx — xx = db 


22 
$55.8 


Xx 


7 = 


21 2 42 


Alt bo" the Zzuation at the 


| 16th Step be in it ſelf impoſ- 


feble, becauſe % is greater 
than d, (per ath Step) het 
from thence it will be eaſſe 


4 to conclude, that the Diffe- 


ET - © 
rence between d and z * 


| will give the true Value of b. 


As in the 17tb Step. 


8 


But becauſe I would leave no Room for the Learner to doubt 


about changing the Equation, d — 1— 57 —= into that 


of x 7 —d —=b, it may be convenient to Ilaſtrate the 


whole Proceſ in Nr, whereby, (I preſume) ic will plainly, 
h—b=TS., 


appear thar 


In order to that, Let the Tranſverſe TS = 2d 12. Then d=6 
Suppoſe the Abſciſſe SAZ x =4. And the Semi- ordinate AB=3 


Firſt 


1, Viz. 


Again 
3, Vix. 
Then 
And 


{n+ wW Dow 


0 


44 


IS ＋ SA x S4: O4B :: TS: L Per Sect. 2, 
12 ＋ 4X4 64: 9: 
IL ZAdL = d-- a =CF 


13.5 %% ==L 
Per Set. 3, 


\ 36-+ 5,0625 = 6,408 —=CF=7z 
d+x--{=6-+4 + 6,408 = 16,408 — f 4 
d- ＋ 46, 408 = 3,592 =FA 
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71 269, 2224 = Of4 

8| 12,9024 = OFA ; | 
9 9 = B For AB= 3 by Suppoſition. 
10 278,2224 = Of4 + 0O4B = OfB 

11 21,9024 = QFA + AB = FB 

12] 16,68 = fB - 

ty  a85 = 28 


ä Ian, "ge 


If this Propoſition be truly underſtood, ir muſt needs be Egxfie 
to conceive how to Deſcribe the Curve of any Hyperbola very 
readily by Pointe, when the Tranſverſe Diameter, and the Focus 
are given (Or any other Data by which they may be found, as in 
the precedent Nude.) T 

Draw any ſtreight Line at Pleaſure, in it ſer off the Length of 
the given Tranſverſe TS, and from irs of | ; 


Extream Points or Limits, viz. T, S, 
ſer off Tf = SF, the Diſtance of the 
given Focus (viz. the Point F without, 
and F within the Sedtion, as before) that 
done, upon the Point F (as a Center). | 
with any aſſumed Radius Greater than TS, $| 
deſcribe an Archof a Circle; then from that ay 
Radius take the Tranſverſe TS, making Fd F %, 
their Difference a ſecond Radius, with „ 


which upon the Point F, within the f. 3 


Section, deſcribe another Arch to Cut or of | 2 
Croſs the firſt Arch, as at B. Then will that Poine B, bein 
the Curve of the Hyperbola, by the Laſt Propoſition, And 
therefore its plain, that proceeding on in this manner, you may 
find as many Points ( like B) as may be thought convenient 
( the more there are, and nearer they are together, the better) which 
being all /oyned together with an even Hand (as in the Parabols) 
will form the Hyperbola required. 


There are ſeveral other Ways of Delineating an Hyperbola in 
Fimo; One Way is by finding a competent Number of Ordinate;, 
as per Sect. 1. &c. But I think none ſo eafie and expeditious a5 
this Mechanical Way: I ſhall therefore for brevities ſake pals ove! 
the reſt, and leave them to the Learners Practice, as being eailf 
deduced from what hath been already ſaid. 88 


Seck 


114| 12,00 = fB—FB=TS. Which wasto be proved 


pe 


Th 


* 
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dect · 5. To Draw a Tangent to = gives Point in the Carve of 


an Hyperbola, 


The Drawing of a Tangent that will touch any given \ Powe 
in the Curve of an Hyperbola, may be eaſily performed by help 
of a Theorem; as in the Eliyfis, Sect. 6. Chap. 2. : 


= 5 = TS the Tranſverſe Diameter. T 
er | 


L ==, the Latus Rectum. 
y = $4 rhe Abſciſſa. 
Che Diſtance between the 
And X 24 


Then if » be given; 5 x may be found 
by this Theoꝛem IKE: 


Which differs from that in 1 Hh or 
only in the Signs, vide Page 371. | 


Or if x be given; Yo y may be found by this Theorem 
 Theozem 4 — Po be : | 33 — 1D = 


Then 
Thar is, 


Again 
Thar is, 


4 


7 in Q's 
Suppoſe 


10 


1 * 


per Figure 


1 — 


Then 3,9 


OO M wp w 2 - 


— 
E 


— 
1 


— rw... 


NL + yLzxx— 2 DLX — 28LN7 


r 


) Ordinate, and that Point 


in the Tranſverſe cut by 
the Tangent, 


Dy -+ yy 


44% 


1 


Draw the 8 ba, as in the Figure, and 
yo 2 an Injinzte ſmall Space between the Two Semi- 
„ 1 —— 4 


As before in the Ellipſis, &c. 
D: L:: Dy +»: DAB 
TS: L:: TS + SAXSA: 4B 


DyL 
2 E= 


D: IL 7 Dy - — 29x — Dx -|- xx: Das 


TS: L:: TS + S$axS$4: UA 


DyL + »yL — on — DxL -|- «xL __ 

X: AB:: {x ab, Viz. PA: AB:: Pa: ab 

JX: DAB :: 31 — 27x ＋ xx : Qab 

& O and every where Rejefted, -as inthe Ellipfts. 
5 9 8 

K * 5 43 —2F : (Jab 


= (Jab 


Dr 
Ddda 


— 
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6, 11 [12 abs. als 5 

n ©» DyLix + »Lzz —2DyL;— 2yLz _ 

12 Reducd 413 DIN Dy +»; 


—Y 


— — 
ns. Part IV. 


13 Analegy 14 e Viz. CA: SA:: T4: 4Þ 
13 24043153 3 Which is the Firſt Theorem: 


13 — & [16] yy + Dy — xy = 4Dx 
16 OC [17] y + Dy — 35 + REI = nk 


4 DD 
17 w 2 [18 TD - NN — 
DBU ” nic 
is 2 _ FLEE: Which is the 
bh N 4 ＋ K ſecond Theorem, ; 
— — - Q. E. D. 
| n 4 
The Geometrical Efection of the Firſt of the Theorems is 
very Eaſie; for by the 14th Step it is Evident, that there is 
Three Lines given to find a Fourth Proportional Line. Per Pro- 
blem 3, Page 308. . 
Scholium. 
1 


From the Compariſons which have been all along made in this 
Chapter, between the Hyperbola and rhe Ellipſir, it will be Eaſe 
(even for a Learner ) to perceive the - 2, 
Coherence that is in (or between) thoſe *:. RE 
Two Figures. But for the better Un- . : 
derſtanding of what is meant by tze 1 
Center and Aſſymptotes of an Hyperbola — 4 af GORE; 
conſider the annexed Scheme, where- 1 2 4 
in it is evident (even by Inſpection) 
that the oppoſite Hyperbola's will always 
be alike, becauſe they will always have 
the ſame Tranſverſe Diameter common 
co both, Sc. See Sect. 1. of this Chap. 
Alfo, that the middle Point, or common 
Center of the Elipſis, is the common Cen- 
{cr to all the four Conjugal Hyperbola's. 

And the Two Diagonals ot the Right-angled Parallelogram which 
Circrum:ſcribes the Ellipſis (or # Tuſcribed to the four Hyperbolr s, 
being continued, will be ſuch 4ſymprores to thoſe Hoperboln's, il ; 
zre Defined, Chap. r. Se, 5. Def. 4. EIN + 


Cech 


— — «c „4 . 


4. oncerning the | 
Chap. 4. Concerning the Pypervola, 389 


— 


Sect. 6. To Draw the | Allymptotes of an Hy perbels, Fs | 


Having found the Latus Rectum (per Se. 2.) And the Conju- 
gate Diameter nN, in its true Poſition, per Sect. 3. Then 
through the Center C of the Hyperbola, and the Extream Points 
n, N, of its Conjugate Diameter, Draw Two Right Lines, as 
CN, and Cn, Infinitely continued ( as in the following Figure) - 
and they will be the Ahmptotes required, | . 

Thar is, they are Two ſuch Right Lines, as being Infinitely 
extended, will continually encline to the Sides of the Hyperbola, 
but never touch them. 5 


Demonitration. 


Suppoſe the Semi-ordinates a b „ and AB wo be Rigbeh 
Applied to the Axis TA, and produced both ways to the A/ 


ſmptotes, as at fg, and FG. Then will the ACSN, 
ACag, and ACAG, be alike. 


Let d=CF=TC. And L che Latus Reddam, As before; 


=:$8?: * RY 2 | 
Pur 82 the Abſciſſa's. Then 19 


Then 1| d : SN:: de: ag. Viz. CS: SN:: Ca: ag 
1 in Q* | 2| dd : QSN:: dd-+ 2de + ee: Qag 
Bur 3] 2d L = * Per Sect. 3. | 
4 * 5 
3 GL Lek — gag 
Again | 5| 2d : L:: 2de ＋ ee: Jab Per Sect. 2. 
de L. eeL __ 1 
dL 
4 - 6] 7] — = q — 4 


Bur 4 8 ag ＋ ab = 


bf 2 
| Slice ae, per Fig. 
8 X 9 10 Dag — Dab = bf x bg 8 
7, 10 f bf x bg dl. 7 
Again 12 dd: NSN: dd 2d Y: O 4G oy Or 
flo 


Thar is, cs: OSN:: OC4: 046 


15 ddl. 2d. -N. | 
3, 12 * FI s +3247 P== 04G BAL. TA, 


Bur 20 2d: L :: 2dy -|- yy : AB Per Sett. 2 


14 * 15 2 EI. — DAB - — — 
| 1 . 


13— 15 


tz—15 |16| == 046 = 048 


Nun 17 AG + 4B = BF 8 
Alſo 7 18 4G — 4B = 4, per Fogure, 
7 x 18 9 046 — O4B = BF x BG 
16, 19 20 BF x BG = 4dL ADE Id af 
arfneZlarlig E And. no = 
1 21 — 7 — 2 | 
Erom the Laſt Step it is evident, that the Aſſymprores are 
nearer the Hyperbola at G, than at g, and conſequently will 
continually Approach to its Curve. me BF) dL (=BG is 
Leſs than 57) 3dL (= bg, becauſe the Diviſor BF, is 
greater than the Diviſor bf; And ir muſt needs be ſo, where 
ever the Ordinates are produced to the 4ſſymptotes, from the Na. 
rure of the Triangles. 
Again, from the 7th and 16th Steps it is as evident, that the 
Aſſymptotes can never really meet and be co-incident with the 
Curve of the Hyperbola, altho' both were Infinitely extended; be- 
cauſe dL will always be the Difference between the Square of 
any Semi-ordinate, and the Square of that Semi-ordinate when 


ir is produced to the Aſſymprote. b 
Conſectary. m 


From hence it follows, that every Right Line which paſſes L. 
through the Center, and falls within the AM Dmptotes, will cut I 4 
the Hyperbola ; And all ſuch Lines are called Diameters, as in the 
2 becauſe the Properties of the Hyperbola and Ellipſis are 

e lame. | | 

Note, Every Diameter, both in the Ellipſis, Parabola, and H- 
perbola, hath its particular Latus Rectum and Ordinates; which, 4 
ſhould they be diſtinctly handled, and the Effection of all the: 
Lines as relate to them; As alſo, the Nature and Properties of 7 
ſuch Figures as may be Inſcribed and Circumſcribed to all the Se- * 
tions, with the various Habitude or Proportions of one Hyperbola WW no , 
to another, Oc. would afford Matter ſufficient to fill a large Ve 
Iume, But this much may ſuffice by way of Ineroduction; | 
ſhall therefore deſiſt purſuing them any further, being fully a- 
tied, That if what I have already done, be well underſtood, C 
the reſt muſt needs be very Eafie to any One that Intends to (1 
proceed further on that Subject. Pe 
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HE Method of finding out any particular 
| ( viz. either any Line, Superficies, or Solid) by a 
regular 45 or Series of Quantities, continually 
approaching to it, and being Infinztely continued, Would then 
become perfectly Equal to it; is, what is commonly called Arich- 
metick; of Infinites ; which I ſhall briefly deliver in the following 
ſs; Lemma, and apply them to Practice in finding the Superficial, 
ut and Solid Contents of Geometrical Figures further on. 


CEMM 4 N 


In any Series of Equal Numbers (repreſenting Lines or other 
Hy- Quantities) As 1. 1. 1. 1. &c. Or 2. 2. 2, 2. Sec. 
ich, Or 3. 3. 3. 3. &c. If One of the Terms be Multiplied into 
the MW #he Number of Terms, the Product will be the Sum of all the 
of Terms in the Series: 

Se- This is fo very Plain and Eaſie to be underſtood, that it needs 
bola no Example. | | 


LEMM 4 I. 


a- 4 Series of Numbers in Arithmetick Progreſſion, begin with 4 
ood, Cypher, and the common Difference be 1. As o. 1. 2. 3. 4. &c 
ds rofl (repreſenting a Series of Lines or Roots beginning with a 
| Point) If the Laſt Term be Multiplied into the Number of 
Terms, the Produtt will be Double the Sum of. all the Series. 


— . That is, putting L = the Laſt Term; N the Number of 
AM.; and $ = the Sum of all the Series. © 


3 r ” — 4 


. 


—— — — — 
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Then will NL = 28. Conſequently, SEES 
viz. one half of ſo many Times the greateſt Term, as there are 
Number of Terms in the Series. | 
Thus 523234214 4 10 = the Sum of the Series Nx. 
es Ne 0 Ne 28 W7 


And this will always be ſo, how many Terms ſoever there 


are, per Conſect. 1. Page 185. | | 
LEMMA III. 
If a Series of Squares whoſe Sides or Roots are in Arithmetich Pro- 
eſton, beginning with a Cypher, &c. (as in the Laſt Lemma) | 
A 15 Iofinirely continued the Laſt Term being Muiti plied into the 
Number Terms, will be Triple to the Sum of all the Series. 
viz. NLL = 38 Or *NLL=S. 
hat is, the Sum of ſuch a Series will be one Third of the 
Laſt or Greateſt Term, ſo many Times repeated as there are Num- 
ber of Terms in the Series, ON Oe TA tt | 
Inſtances in Square Numbers, 


W 3 nee 


From theſe Inftances it's Evident, that as the Number of Term: Win th 


in the Series do Increaſe ; the Fraction or Exceſs above 4 does any 
kad | I 
Decreaſe, the ſaid Exceſs always being T which if we F 3 


6N — 6 
ſuppoſe the Series ro be Infinitely continued, will then become eſe 
Inſinitely ſmall, viz. in Effect nothing at all, | | 

Conſequently 5NLL may be taken for the true or perfed}l, 4 
Sum of ſuch an Infinite Series of Squares. 2. 


L E MM 4 V. 


If Series of Cubes, whoſe Roots are in Arithmetick, Progreſſin 
Rang with a Cypher (&. as above) be Infinitely continu 
ed; the Sum of all the Series will be NLLL SS. 


hat is, one fourth of the Loft or Greateſt Term, ſo man, 
Times repeated as there are Number of Terms, © | 
> une 


o Huperkicies/and Dolids, 393 
V  Inftances in Cube Numbers. | 
If 6:1:,2 . 3. &c. be the Roos of the Cubes, 

o+ 1+.8 4-27 35 m_ $28 1654.3 

Then I, 4 $43 12 


Applied 


77 r +27 427 108 122 
El E 


2 f= 8 = 27 + 64 -125__ 225 WMS 
3 125+125+1254+1254+1254+125" 750 855 150 3 
x 1 1 33 1 * 5 . j 5 


— 
— cc @ © 


From theſe Examples it plainly appears, that as the Number of 
Terms in the Series Incre es, the Frad#ion or Exceſs above + 


Decreaſes ; the Exceſs being always which, if we 


ſuppoſe the Series to be Infinitely continued, will become Infinite- 
ly ſmall, Os rather noching. As in the Laſt Lemma. | 

Conſequently - 4NLLL may be taken for the true and perfect 
Sum of all the Term, in ſuch an Infinite Series of Cuben. 


; LEMMA V. 


If « Series of Biquadrats, whoſe Roots are in Arithmets ckProgreſ- 
Y ſion beginning with a Cypher, &c. As before, be Infinitely conti- 
ve i ned, the Sum of all the Terms in ſuch @ Series will be +NL*; 


The Truth of this may be manifeſted by the like Proceſs, as 
in the foregoing Lemma's, and fo on for higher Powers, Bur if 
any one defire a further Demonſtration of theſe Series, he may 
Ipreſume) meet with ample Satisfaction in Dr, Wallis's Hiſtory 
we of tos, Fg, 78 and 79, wherein the Doctor concludes witii 
: acie Words. * XP BE | 
dome « Thus having ſhewed, that in a Progreſſion of Laterals ( or 
fea Arie hmetical Propertionals) beginning at o. the Sum of 
2. 3. 4. 5. 6 Terms, is always equal ro 3 of ſo many times 
the Greateſt ( and there being no Pretence of Reaſon why 
we ſhould then doubt ir, in a Progreſſion of 7.8. 9. 10. Sc. 
we conclude it ſo to be, though ſuch Number of Terms be 
oy Parra opens e 
Again, in a Progreſſion of their Squares; having ſhewed, 
that in 2. 3. 4:5. 6 Terms, the Aggregate is always more 
than 3 of ſo many times the Greateſt; and the Exceſs al- 
ways ſuch Aliquor Parr of 477 Greateſt, as is — 

e by 


7m; 
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Lemma s. 


a by ſix times the Number of Terms wanting 1. (As if the 


„ Jerms be 2, it is +++; if 3, it is 1 -E rr z if 4, it 
„ is r; if 5, itis +++; of ſo many Times the 
greateſt Term, and ſo onward) we may well conclude, (there 
being no Pretence of Reaſon why to doubt it in the reſt ) 
** that it will be ſo how many ſoever be ſuch Number of 
Terms. And becauſe-ſuch Exceſs, as the Number of Terms 
do Increaſe, will become Infinitely ſmall (or Leſs than any 
Aſſig nable) we conclude. (from the Method of Exhauſti- 
** ons ) that, if the Number of Terms be ſuppoſed Infinite, 
ſuch Exceſs muſt be ſuppoſed to vaniſh, and the Aggregate 
of ſuch Infinite Progreſſion ſuppoſed Equal to + of fo many 
times the greateſt. "We ach 1 0 
In like manner, having proved that ſuch Progreſſion of 
Cubes doth (as the Number of Terms increaſeth)] approach 
* Infinirely near ro + of ſo many times the Greateſt, and of 
* Biquadrats ro +, and fo of Surſolids to 5 of ſo many times 
the Greateſt, and ſo onwards as we pleaſe to try; (and there 
being no Pretence of Reaſon why to doubt it as ro-rhe reſt ;) 
Ve may take it as a ſufficient Diſcovery, that ( univerſally 
the Aggregate of ſuch Infinite Progreſſion is Equal (or doth 
approach Infinitely near ro ſuch a Part of ſo many times the fi 
“ Greateſt, as is denominated by the Exponent (or Numberof 61 
« Dimenſions, ) of ſuch Power (as is that according to which 
the Progreſſion is made, ) Increaſed by 1. Namely, of Late. 
«* rals 2 ; of Squares 1; of Cubes 3; of Biquadrats 
„(of ſo many times the Greateſt ; ) and ſo onwards Infinitely,  ** 
This Diſcourſe of che Doctor's I thought convenient ro-Infert, 
ſoppoſing it may give ſome Satisfaction to the Learner, to hear 
ſo great a Man as Dr. Wills's Arguments about the Truth of 
theſe: Series; which I have briefly delivered in the foregaing 


| n : 75 q 7 
F un Two! Series or Rants e, Proportionali, have the ſant 
Number of Terms: ( whether Finite or Infinite) it will alwaji 


* 


As the foſt Term of one Series : Is to the firſt Term of ! 
be = other Series :: So the Sum of all the Terms in the ane Series 
'  CTo the Sum of all the Terms in the other Series. (12. 6.5: B 
5 (#7 4 7 "76:5 , 22181 2 712 T "% a 3 — | | 4 . 83 | : 
is 21 31 ggg fl ens) 


4 LS 4 0 1 % 
14 4 0 kh + 14 S . a+. 24 14 4 $4 3s 


3 


« «44 * * +4% . 24 
N . 
Fi , 
” 2 - "1 x —_ 77 
. : $ | , 
. * . 1 , 
* = . 
= - 


mene eee 
Applied to Duperficies and Solids, 395 


As in theſe Numbers, 1] 3 Or theſe Numbers 4| 5 
In <3. 204-40 12 15 

_ o* 36 45 

4112 108 135 

3115 ho 324 | 495 

6118 4 972 [1215 


That is, 1: 3 :: 21: 63. And 4 1 98 1456 : 1820 &c. 
The Application of theſe Lemma's to Geometrical Quantities, 
BW viz. to Lines, Superficies, and Solids, wholly depends upon grant- 
ng the following Hypotheſes, 


The Yypotheſes. 


1. That every Line is ſuppoſed to conſiſt or be compoſed of, 
an Infinite Series of Equidiſtant Points, 


2. A Surface ( viz. the Area of any Figure) to conſiſt of an 
Infinite Series of Lines, either Streight or Crooked, according as 
the Figure requires. 


3. A Solid to conſiſt of an Infinite Series of Plains or Super- 
ficies, according as irs Figure requires. 

Not that we ſuppoſe Lines, which have really no Breadth, can 
fill a Space or Superficies ; Or that Plains which have not any, 
Thickneſs, can conſtitute a Solid: Bur by what we here call 
Lines, are to be underſtood ſmall Parallclograms (or other Super- 
fies) Infinitely Narrow; yet fo as that their Breadihs, being all 
taken and put together, muſt be Equal to the Figure they are 
ſuppoſed to fill up. | [ 

And thoſe Plains or Superficies, which are here ſaid to conſti- 
tute a Solid, are ro be underſtood Tyfinitely Thin; yer fo as that 
their Depths or Thickneſſes (which are hereafter alſo called Lines) 
being all taken together, muſt be Equal to the Height of the pro- 
poled Solid. I ; 
Now in order to render this Hypotheſis as Eaſie for a Learner 
to underſtand as I can ; I ſhall here propoſe a very plain and fa- 
miliar Example. Thy | 

Viz. Let us ſuppoſe any Book to be compoſed, or made up of 
loo. 200, 300 (more or Leſs) Leaves of Fine Paper; ſuch a 
el being cloſe put together, will have Length, Breadth, and 
ep or Thichneſi, and therefore may (not improperly ) be called 
did; and each of its Edges { being even) Cut) will be a Super- 

dies compoſed of a Series of ſmall Paralelograms, every ane of 
heir Breadths being only the Edge of a ſingle Leaf of Paper; 
ind if we conceive the Thickneſs of every one of thoſe Leaves, to 
| Eee 2 be 


» 
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be Divided into 10. Or 100, Or 1000. G. they will then 
become ſuch a Series of Infinitely ſmall Lines, as are (by the Hy. 
pot heſis) ſaid ro compoſe, or fill up a Superficies. | 

And all the Superficies of thoſe Infinitely Thin, or Divided 
Leaves of Paper, will become ſuch a Series of Plains or Superfi, 
cies, as are ſaid to conſtitute a Solid; viz. ſuch a Solid as the Big. 
neſs and Figure of that Book, k 3 a 


Now according to this Idea of Lines, Superficies and Solids, 
one 'may, withour rhe leaft Prejudice to any Demonſtration, ad- 
mir of the following Definitions and Theorems, 


Definitions. 


I. The Area's of Squares, and all other Parallelogramy, are 
compoſed or filled up, with an Infinite Series of Equal Right 


Lines, 


II. The Area of every plain Triangle, is compoſed of an In. 
finite Series of Right Lines Parallel ro its Baſe, and Equally de- 
creaſing until they terminate in a Point at the Vertical Angle. 


III. The Area of a Circle may be compoſed either of an Infi- 
nite Series of Concentrick or Parallel Circles; Or of an Infinite Se- 
ries of Chord Lines Parallel to its Diameter; Or of an Innumera- 
ble Multitude of Sectors. | 


IV. The Area of an Eligfi, may be compoſed, either of an 
Infinite Series of Ordinates Rightly applied; Or of an Infinite 
Series of Right Lines Parallel to its Tranſverſe Diameter. 


V. The Area's of the Parabola and Hyperbola, are compoſed 
of an Infinite Series of Ordinates ; Or may alſo be compoled of 
Righe Lines Parallel ro their Ax#s, &c. 


VI. A Priſm is a ſolid Body contained or included, within 
ſeveral Equal Parallelograms, having its Baſes or Ends, Equal 


and alike; And ir's generally named according to the Figure of 


its Baſe. Thar is, 


VII. A Cube (or Solid like a Dye) is a Priſm bounded or in- 


cluded, within Six Equal Square Plains. 
VIII. A Paralelopipedon is a Priſm that hath its Sides bounded 


or included, within four Equal Parallelograms, and Two Square 


Baſes or Ends, | 


IX. A Cylinder (or Solid like the Rowling Stone in a Garden ) 
is only a Round Priſm, having its Baſes or Ends a perfect 1 7 
IE. N . F Mx p p £4 j | 4 e 


the... „ rr 1 


Applied /to'@uperficies and Solids, 397 
X. The Solidity of every Priſm' is compoſed of an Infinite 
Series of equal Plains, Parallel and alike to that of its Baſe. 
XI. A Pyramid is a Solid bounded or included within ſeveral 
plain Triangles, ſer upon any Polygonius Baſe, having their Verti- 
cal Angles all meeting together in a Point, called the Vertex; and 
takes its Name from the Figure of its Baſe : viz. if it have a 
Square Baſe, it's called a Square Pyramid ; it a Triangle Baſe, it's 
called a Triangular Pyramid, &c. | 


XII. A Cone is only a Round Pyramid, which hath been alrea- 
dy defined in Page 355 &c. 

XIII. The Solidity of every Pyramid is compoſed or conſti- 
tured, of an Infinite Series of Plains, Parallel and alike to that 
of its Baſe, Equally decreaſing until they terminate in a Point at 
the Vertex. 


XIV. A Sphere or Globe (viz. a Ball) is a Solid bounded or 
included within one regular Superficies, being formed or ge- 
nerated, by the Rotation of a Semi-circle about its Diameter; 
(called the Axu of the Sphere ) And its Solidity is compoſed or 
conſtituted, of an Infinite Series of Concentric Circles, whoſe 
Diameters are the Chords of that Circle by which ir was formed. 


XV, A Spheroid (or Epgg-like Figure) is a Solid bounded 
with one regular Superficies, formed by the Rotation of a Semi- 
ellipſis about irs Tranſverſe Diameter (called the Ax of the Sphe- 
roid) and irs Solidity is conſtituted of an Infinite Series of Concen- 


trick Circles, whoſe Diameters are the Ordinates of that Elipſis 
by which it was formed. 


XVI. There is another ſort of a Solid called an Oblate Sphe- 
roid, being formed by the Rotation of an Ellipſis about irs Conju- 
gate Diameter; And it's like to a flat Turnep. 


XVII. If a Semi- parabola be turned about its Axs, it will form 
a Solid called a Parabolic Conoid, being compoſed or conſtituted 


of an Infinite Series of Circles, whole Diameters are the Ordinate 
of the Parabol a. 


XVIII. If a Parabola be turned about irs Baſe or greateſt 


Ordinate, it will form a Solid called a Pyramidoid, but moſt 


commonly a Parabolick Spindle, which will be conſtituted of an 
Infinite Series of Circles, whoſe Diameters are Right Lines Pa- 
rallel ro the Parabola s Ax. - 

XIX. If an Hyperbola be turned about irs Ax4, it will form 
a Solid called a Hyperbolick Conoid, being conſtituted of an Infi- 
mee Series of Circles, whole Diameters are the Ordinates of the 
Hyperbola, | 8 N XX. The 


f 
| 


r 


XX. The Curve Superficies of all circular Solids \(vi yl 
ders, Cones, Spheres, &c.) are compoſed of an Infinite Series of 
the Peripheries of thoſe Circles which conſtitute their Solidit ies. 
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Upon theſe Definitions are grounded all the following Theo- 
rems ; and ES, if they were diligently reh ared with 
their reſpective Figures, it muſt needs be of great Help to the 
Learner, and wo d render all that follows very Eafie ; where- 
in I ſhall begin with what hath been already Demonſtrated, by 
way of Introducing the reſt. 


THEOREM I. 


The Area of every Right-lined Parallelogram, j obtained by * 
tiplying the Length into its Breadt h. 


That is, B Dx FB the Area of the Parallelogram bro 5 
Per Lemma 1. compared with F G ſi 
Definition 1. EF 

Example. Suppoſe BD = 26. : 1 
And FB =9. —— di 
Then 26 x 9 = 234. the Area. = P. 
See Problem 1. Page 333. 5 | "D be 

| | thi 

THEOREM UI. nl 
The Area of every Plain Triangle, is Equal to Half the Area ef II 
its Circumſeribing Parallelogram, Cc 
B DX C4 : 73 Bu 
That ts. 8 the Area of ABCD, in the following is 
Figure. | An 
Demonſtr ation. 4 

Suppoſe the Perpendicular C A to be Divided into an Infi- 1 
nite Number of Equal Fam as | ” | Bio 
at the Points 4, 4, 4, &c. E | — G 6. 
and through thoſe Points there e . * 
were drawn Right Lines Paral | _ 2 4149 * | 

» Tel ro the Baſe BD, viz. bad, — 4 A | 
bad, bad, &c. Then will | /| AY ENT IHE be H 
thoſe Lines be a Series of Terms 8 i757 5 7 D Frnſt 
in Arithmetick Progreſſion, be- be n 


ginning at the Point C, viz, o, ba, 2bd, 3bd, &c. as is ¶ into 

evident by the Figure, wherein BD isthe Greateſt Term = = IL, Ciro! 

and C 4 the Number of Terms = =N. N 
But “ 


Applied ro Superficies and Solids, 


"Bur NL = , 
Area, per Definition 2. 


Example. Let B D g 26. 
26 X 9 
Then =117, Or *£x9=117. Or thus e 
the Area required. See Problem 3. Page 324. 


THEOREM III. 


The Peri /pheries of Circles are in Proportion one to another, as their 
Diameters are. 


399 


per Lemma 2. 


Q. E D. | 
and CA4=9; 


Demonſtration. | 


Let the Periphery of a Circle be Divided into any Number 
of Equal Arches, by R gbe Lines 
drawn from the Center (viz. Radius ) 
ſuppoſe them 8, as in the Annexed 
Figure, wherein AB 15 one of them. * 
Then if through any Point in the Ra- V 
dius, there be drawn a Concentrick or 
Parallel Circle, its Periphery. will alſo 
be Divided into 8 Equal Arches by 


thoſe Radius's, one whereof will be > 5 3 
ab; And the ACab will be like | | 
to 'AC AB. 


Therefore Ca: ab :: CA: AB, Or Ca: C4 :: 4b: 43. 
Conſequently 20 4: 204 :: 84 b: 848. 

But 204 =da, the Diameter of the Circle whole Periphery 
is 846. 

And 2CA=DA, the Diamerer of the Circle whoſe Periphery 


is 845. Therefore, &c. as per Theorem, Q. E. D. 


Example. In Chapter &, Part 3. it was found, that if the Dia- 
meter of a Circle be 2. its Periphery ni be 6 283 1853071795864 
Ergo 2:6 ,283185307179386 : * 30415926535 69793% 
the Periphery of rhe Circle whole Diamere in "et 


Corollary. - 


Hence it follows, that becauſe Unity or 1. may be made thẽ 
Firſt Term in. the Proportion, therefore 3, 14159265 &c, may 
be made a conſtant or ſettled Factor, which being Multiplied 
kd ec propoted ny! will Produce: abr Feripber of thas 

trcle, "ry 

Nore; Laſtead. of 3/141 ks Ke. Ag be fu ae ad 
fake 3,1416, Or 


And $ = the Triangle's 


As above. 
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7 Or in whole Numbers the Proportion may be 


As 7: 23 :: Diam.: T conch 1 Numbers may ſerve, ond 
Or 113: 355 . Diam. Periphery ] Care often uſed in com. Practice : 
THEOREM: IV. 1 
the 4 Area of any Seftor of a Circle, i Equal to Half the ReBangle 
of the Radius into its Arch. 
 CAX A 
That 6, — : - = the Area of AC B. th 
Demonſtration. 


Suppoſe the Radius CA to be divided into an Infinite Series _ 
of Equidiſtant Points ; as 4, e, 5, &C. 
and. through thoſe Pointe there were 


drawn Concentrick or Parallel Arches, as nb, 
ed, »f, &c. Then they will be a Series of 4 Tb 
ches in Arithmetick Progreſſion, beginning at Are 
the Point C (viz. o. 1. 2. 3. Sc.) as plainly Per 
appears by the Figure, wherein the Greateſt But 
Term is AB =L, and Number of Term the 
N. But Zz Nl. = $ the Sum Ane 
of all the Series, per Lemma 2. And | DD 
S = the Sectors Area, per Definition 3. Q. E. D. Th 
Example. Let the Radius CA =12. And the Arch AB=8. 1 

X 8 

Then 48. Or *#x 8 48. Or IX 12 48. * 
the Area of the Sector 403. ö eee 
5 I The. 


THEOREM V. 


The Area of every Circle, 1 Equal. to Half the Rectangle of. 4 Fc 
Radius into its Periphery. meter 
That u, according to Archimedes, 4 Circle j Equal to 4 Right- Ther 
angled Triangle, whoſe Sides contains 77 the Rig be Angle, art N will l 
Equal, one to the Radius, and the other to be Perimeter of of But 
that Circle, Pro 1. de Dimenſione Circuli, Le 


The Truth of this Theorem may be eaſily deduced from the ][“. 
Laſt; Thus, if we ſuppoſe the Laſt Sector to be one cight Part The 


8ABxCA — Mit 
of a Circle; 5 then 1 it follows, that N KEE: =44B * C 4 An 


2 
will be the dad of the whole Pele tooth 1 | 
But 44B = Half the Circle's Periphery; 3 And. ca: — Hall 
its Diameter. Therefore, &, as per Theorem: Q. E. 15 


3 Applied tO  Duperficies and Solids, 401 


— 


— 


| Example. It the Diimeter be Unity or 1. the Peripheriy will 
be 3,14159265 Sc. per 3 Theorem 3. 
Then Ie , 1 = 078539316 Ge. (or 0,7854 for com- 
mon Tſe) will be the Area of that Circle. 


Scholium. & 


From hence naturally flows the. following Proportion berween 
the Square and its Tnſcribed Circle. 


As the Perimeter ( viz. the Sem of the four Sides) 
Plopoytion Jo any Square: I to its Area:: So is the Peri phe- 
| 2 of be Inſcribed. Oireie: : To, its Area. | 


Thar is, fuppoling HB —D = the Side of the Square and 
the Diameter of its Inſeribed' Circle; an 

Then 40 ='the Perimeter; DD = the 
Area of the Square: And'3,1 4165 the 
Peri phery of the Circle, Per Theorem 3. 
But 4D: DD: *3,1416D 26,7854 DD= 
the Circle's Area. 3 
Andif D = 1. Then 4D =4 and 


DD STN = r. r. And the Feri 
will be iz. * Bb 


Then 4: 1 :: 1: 6,854 Se. As in the Exomple al above. 
And Kam hence may be eaſily deduced the following Theorem. 
e hs THES REM VI. a 


— B — — 


The Avea's of * 4 Circles, in Proportion 0 one th another; . 145 
tbe Squares of t Tüte, (2. e. 12.) 


For if D = the Diameter of one ciel, and d = che Dia- 
meter of another Circle. 


Then will , 7834 DD be the Area of one Cirels, and 6,78 dd 
will be the Arta of the other Circle. As above. f dhe 
But 90,7854DD-:2"0,7854d ©\DD 2:44.- Or hub, 


Ler D = the Diameter, and P = rh&'Brfphery of one Circle, 
da the Diameter, and 7 = che Porophity of anothet Circle, 


Then | 1 3 ID x 1Þ,=3DP = rj & the Ae ef one circle 

And 2 2 NN 7 =4dp 2 yo hank pf Circle. Per 
I x .Þ 3% DP AA 25 ww 4 14 * Theorem. 
L X: 34 1 3 ** . ; . : 


Q 
wt * 10 * A ” $535 4 1 | _ 


DBA 5 02 Miene *** Jt deer 
— 2 — — . 2 + 8 | rs —— 4 1 4 


— * 


1 


of Inti mites Part V. 


* N LATION =o 433 
41741 vw 22 
But 7 P: p:: D: 4. Per Theorem 3. 
| PR ee 035 207 24M 
6 6,93 $103 025 D fi 
8. 5-4 0, De 


Corallary, | 


Hence it follows. thar becauſe the Square & 1 1. 18 I. (vi 
IX 1 I) and 978339816 Je. Qr 90,7854 is the Auen of 
the Circle whoſe Diameter is 1. (A before) therefore it * 
be 1: 7854 :: So is the Sguare of any Circles Diameter: T 
its Area. And becauſe 1. is the Firſt Term in the Pro 4 
therefore o, 7854 may be made a conſtant Factor; which being 


Multiplied into the Square of any propoſed mend nhl yo 
duce the Area of that Circle. 


Note, The Four laſt Theareins 45 aliinh * eee of pr 
the common or Practical Problems about 4 Circle, , which far tbe 
Learner's further Sat i faction, I have here Inſerted together; Suppo- 
fi ing as before, 

D S the Diameter | 15 
That 4 P = the Peri ph of any F Peel Cirele; 
1 th& Area <-) © 
Then » + Prabr. , bein ren; Jo nd FT 
5 5 53, 14161 n N Per Theorem 3. 
3 8 =P . 
1 . Then 3,146K 32 160 $312 


” had 
& 


the Peri 3 | 
1 q * 1 . 2 If eee 2 gals 
| Aral 2. Dy being given TU Ac | 
1 ,: „854 CnDD lot Fer A n 6. 28 
nb 4: $5&6QD, =4 Uo erin” ol J 
Example | 18 | Aa. As before, „rcd“ Ol = 
hen | D = 32 X 32 = 1024. 
And + 67854 e 682225 the Area required. 


, 
4 1 4 mn 4 
, 
; 


Prob, 3 ay P, Teing yiyen; Ta e. * 1 


gy Fart 5,3183 
. — Converſero the F rſt nch po Exarh, 
f * „ e N e 2 


1 


6 2 ä Or Es wa 
N DO = 5 6965 2 en 5 Of 


; A — 
4 — 8 D Or 1,2732414 2 DD 


x Ry * 9,7834 F 

a For * — * F : 8 | 
75175 9,8696 5 577854 Or , 10132PP = 1,272324 
9x &c. 1% —=— =4 | Or P = A 
7 12,5664 , en, 

Pol. 3. 4, being given; Io find D. 
3 9 2 |11 'D =o - Or D=4y 1,27324 
0,7854 


Prob. 6. A, being given 3 To find P. 


- A 
10x &c. [12] PP =12,56644 Or PP = 907617 
8 of ; 7 


12 % 2 [13] P=/12,536644 Or P = 


0,07957 


Theſe Six Problems contain all the Variety that can be propoſ- 
ed about finding the Periphery, Diameter, and Area of any 
Circle. 

Bur if it be required to find the Area of any Segment, or Part 
of a Circle cut off by a Chord, that Work will require a further 
Conſideration, N 


2 Jer; Or, either the Periphery, or Area of the Circle, in order to 
find the Diameter. 

Secondly, There muſt alſo be given, either the Chord, which 
is the Baſe of the Segment; Or the Verſed Sine, which is the 
Height of the Segment. 4 _ 

hat is, either BG, or AF, in the following Scheme, 
muſt be given, that ſo the Area of the ABCG may be found. 

Then it's evident (by the Figure) that if the Area of the 
ABCG be taken from the Area of the Sedor C BAG, the 
Remainder will be the Area of the Segment BAG. 

And if the Area of the Segment BAG, be taken from the 
wlole Area of the Circle; the Remainder will be the Area of 
me other Segment DB. 


Frf2 Exam- 


Firſt, As to the Data, there muſt always be given the Diame- * 


* r* A „— * 4 # x 
* 
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F 


3% Aa | 3 HIT 
Example in Number. 
Let there be given DA= 32. as in Prob. 1. 
And the verſed Sine AF= 66. 
Then AD = BC = CX= I's; v. 
And C- ien = 
But QBC -CF= OBF. ...." 


—S — Sm 

Conſequently V OBC — OCF = BF, 
Vit 156 = 12,49 <= BF. 

Then by the Doctrine of plain Tri- 
angles, the Arch BADZLBCA may 
be found in Degrees and Decimal Parts; © . 
Thus BC: Radius :: BF: Sine BCE 5131 Degrees 
And then it will always hold in this Proportion. | | 


K as 


As the Circle's Peri phery in Degrees : Is to its Periphery v 
Viz in Equal Parts (according to the Dimenſions taken) : : 1 
L 


So 1s the Arch in Degrees (viz, BCA) : To the ſame 
Arch in Equal Parts, | | 


That is, .360*/2 100,312 2: $1*.275..2 14,3284 = BA. 
Then 14,3284 x 16 = 229,2544 the Area of the Sector BCACY 25 
And 12,49 X 10 124,9 the Area of the ABCG. its 


Their Difference 104,3544 = the Area of the Segm. BAGY me 


Or the Area of any Segment may be otherwiſe found, ( as ms 
uſually it u) by a Table of the Segments of a Circle whoſe Area i 
Unity or 1. The Conſtruction or making of ſuch a Table, is 
very well laid down in Mr. Darie's Book of Gauging, Chap. of} « 


which he performs in this Problem. ed 
| X E 
Pꝛoblem. Ih 


In 4 Circle whoſe Area M Unity, and its Diameter Cut by Cho ule 
Lines into 1000 Equal Parts; To find the Segment to any verſe 


Sine propoſed, not exceeding 500 of thoſe Ejual Parts. 2 
1. Multiply the verſed Sine propoſed, by 0,002. and Subſtral 127 
the Product from an Unit ot 1. OT 18, 
2. This Remainder you ſhall ſeek in the common Table of N 2571 
tural Sines (the Arch being Divided into Degrees and Centeſſima 31,4 
which being found let its Co-Arch be Doubled, and called 4. 1 
3. You ſhall find the correſpondent Sine to A, which Si 50,2 
being found you may call S; And then it holds. 56,5, 


6, 2831853) ©,0174532925A 8 (= the Segment tequired 


— 


Applied to Superficies and Solids, 405 
Now this Segment being thus found, if you ſubdu# ir from an 
Unit, you have the Co- Segment, &c. 


Note. 'Notwichſtanding what bath been ſaid in the ſecond Precept 
of thu Problem, it very often falls out, that the Remainder there 
ſpoken of, cannot be truly found in the Table of Natural Sines; 
therefore. in this Caſe my Advice jy, That you make Two Operations, 
One with a Sine the next Greater, and One with a Sine the neut 
Leſs; and in ſo doing you will be ſure to have the Segment re- 
quired bounded between the Reſults of thoſe Two Operations. 


Example. Let it be proprſed to find the Correſpondent Segment 

1 = "Wo to the Verſed Sine 263. Ar Sg 
| Firſt 263 Xx o, o = 0,526. and 1—0,526 = 0,474. its 
Arch is 28*,29 being Leſs than juſt ; irs Complement is 61,71 
which being doubled, is 123,42 = A. | 
Then ,o1745334 = 2,154086286 | 

— 0,8346556 = $ The Sine of A. 
6,2831853) 1,319430686 ( 0,209993 the Segment, 


Now I make a ſecond Work, 


263 being Multiplied with 0,002 is 526. and 1 —526 =0,474 
its Arch is 289,30 being Greater than juſt; And its Comple- 
ment is 61,70 which being doubled, is 123,4 = A. 
Then 0,01745334 = 2,1537372 

— , 8348478 = $ The Sine of A. 


6,2831853) 1,3188894 (o, 20990 The Segment. 


So you ſee by theſe Two Operations, that the Segment is bound- 
ed, and tis very probable it may be o, 20995. 

But to abbreviate this Large Factor, and this Large Diviſor, 
I ſhall here Inſert T'wo Tablets of them, which will be ready for 
uſe and Exat enough roo. 


Diviſor. Factor. Thus far Mr. Dary; Which 


6,2832 1] , 01745331 have here Inſerted to ſne the 
12,5664 20 , 0349066 [2 | Learner, how by the Help of 
18,8495 3] . |,0523599 [3 | theſe Two Tablets, and a Table 
25,1327 4 ,0698132 |4 | of Natural Sines, he may Eafily 
31,415915 0872665 5 | make a T:ible of Segments, 
37,6991 16] [,1047197 '6| whoſe Uſe ſhall be ſhewed far- 
43,9823 7 [,1221730|7] ther on; viz. when I come to 
50, 265588 „3962638 rrear of practical Genging. 
56,5487 \9) | 157075969 In the mean time I ſhall here 


lay down another Method , 
N 10 


* — 
— 
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To find. the Area of any Segment of a Circle (very near] by a 
New Theorem, without the Help either of a Table of Sines or 
Segments, having the ſame Data as before in Page 404. 

3 R = the Radius, or 3 Diameter of the given Circls. 
Viz. Let 4 == the Difference between the Vexſed Sine and Rading, 
X C Ha the Chord of the Segments Baſe. ue 


E. 


ee hm 
Theozm J Nc s, the Ared of the Sign; 


1zR-+d 
Example. Suppoſe R BC = 16. d = FC SD ro, and 
C BF = 12,49. As before. | 
Then -23RR = 59,3333.  15Rd = 213,3333. dd = 100 
— 3133333 = N -+ dd 96s 


II 4 = 34) 234,0000 (8,3529 | | 
Laſtly 8,3529 x 12,49 = 104,3276 the Area of the Seg- 
ment BAG, As beforc. | | 


THE ORE M VI. 


As Squares are to the Area's of their Inſcribed Circles Cs are 
Puarallelograms to the Area's.of their Inſcribed Elipfis, 


95 the Square of the Diameter of any Circle: Is to its 


That 1, 


Area :: So rs the Rectangle of the Tranſverſe and Conf u- 
gate Diameters of any Ellipſis : To its Area, 


Demonſtration. 
Circumſcribe any Ellipſis with a Circle; and ſuppoſe an Infi- 
nite Number of Chord Lines drawn therein, all Parallel to the 
Conjugate Diameter, as thoſe in rhe annexed Figure; Then it will 


As (DA) the Diameter of the Circ'e : Is ro (Nun) the 

b Conjugate Diameter of the Ellipfis :: So 5s (BAB) any 

© YChord in the Circle: To (bab) its reſpective Ordi- 

nate in the Ellipfis. T- 

For according to the Property of the Circle » fl Bt. 
it is 1 TS — Tax Ta= OBa 5 

And by the Property of the Ellipfts * - a 

it is |2| QT: ONC:: T8 Tax Ta: x 

1, 2 3] OC: NC :: OBA : Oba 10 * 
3, hence 4 TC: NC :: Ba : ba 2 

Conſeq: 5 | 2TC ::2NC :: 25 4: 2 _ 

6 

7 

8 


That is, DA: Nu :: BAB: 546 5. 
Put D = 210, and d = 2NC S. 
Then 8 D: d:: Chord BA B: Ordinate b b, &c. 


* 


Applied to Superkicies and Solids. 407 
But the Sum of an Infinite Series of ſuch Chords, as B4 B, 
do conſtitute the Area of the Circle, per Definition 3. 

And the Sum of the like Series of their reſpective Ordinates, 
as bab, do conſtitute the Ellipſis Area, per Definition 4. 
Therefore D: d:: Circles Area: Ellipfis Area, per Lemma 6. 
But D: 4:: DD : Dd, Whence it follows, 
That DD: Circles Area:: Dd : Ellipfis Ares. Q. E. D. 

Conſequently, As 1 : 1s to 854 :: So is the Rectangle 
or Produłt of the Tranſverſe and Conjugate Diameters of any 
Elipſis £ To its Area. | | 9 


Example, Suppoſe 18 = 36. and Nn = 16. Then 36 * 16 2 576 
And 3576 * „7854 = 452,3904 the Ares of the EH, . 
M ee ee e e ee. | 1 1 

t. Hence it is Eaſie to conceive, that the Square Root of the 
Rectangle or Produ of the Tranſverſe and Conjugate Diameters; 
will be the Diameter of a Circle, whoſe Area will be Equal to 
the Elipſis Area. | 


Viz. 576 = 24 the Diameter of a Circle ="to'the"Eliphis; 
; 2. All Segments of an Elipfis and its Circumſeribing. Circle, 
„ ( whoſe. 1 5 are Parallel to the Conjugate Diameter, and of the 

ſame Height) are in Proportion one to another, as their Baſes are. 
That is, BaB : bab :: Area Segment BTB: Area Segment BT 
Or TS: Nn :: Area Segment BTB: Area Segment T. 


* 

a of 31h 15 THEORE M VIII. 22 7755 5 
5 The Area of every | Ellipfis # mean | Proportional, between the 
0 Area's of its Circumſcribing and Iuſcribed Circles. 


- The Truth of this Theorem may be eaſily deduced from the 
Laſt; For ſuppoſing 'D=FS$, 'and 10 14, - 
d = Nu, as before. Then ir is all © ot MN 
ready proved, that DD : Dd : Cir- ' . 

DR cunſcribing Circles Area: Ef. 3” - 

Area. | aa 

But DD: Dd: Dd: 4d. 

Therefore, El/ipſis Area: Iuſcribed 

Circle's : Dd : dd, i er 

Per Thebrem denn ens iind 77507 a de 11 


Example; Let IN = D = 36. and NA = 4 218. As before 
Then DD = 1296, And dd = 256. 


i 


3 INE x 
Then 
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1296 * 0,7854=101 7,8784 the Great CFile's Area 
"IO 1 256 x „7854 201,0624 the Leſſer Circle s Area 


Suppoſe 4 = the Ellipſis Area. Then according to the The. 
orem, it will be, 1017,8784: A:: A: 26140624. 
Ergo AA = 1017, 8784 x 20,624 — 204637,07 40421 61" 
Conſequently, / 204657,07401216 = 8 fl E the 
Area of the Eligſis, as before in the Laft Exams. 64) | 


Cerollary. p 


From hence it follows, that all Segmen's of an Blliph 7s, and 
us Triſcribed Circle ( whoſe Baſes are Parallel to the Tranſverſe Di- 
ameter, and haue jb ame Height) are in Proportion one to ano- 
ther, as the Area's of the El19f pfis and Circle are. 

Thar is, Area of Circle : Area of Ellipfis : : Segment bN b 
: Segment BN B.. 

Or, Nu: TS :: Area Segment b Nh: Area * BNB. 


4 
0 
n 
i 
0¹ 
th 
C 


THEOREM IX. 


The Solid Content of am Priſm (what Figure ſoever its s Baſe. is 
of) s obtain d by bra: ae, Þ Le Area bald its s Baſe into 115 
Rahe RA 


For Inſtance, a Para lelopi ipedon ( or pln Prifm) . 


tuted of an Infinite Series of Equal Squares : K. 
chat of its Baſe B 4 ba being one of the Terms, 16 
and irs Height DB or G4 the Number of all pete GB f 
c . 

Conſequently, the Ares "of BAba DB ee A. 
the Sum of all the Series (per Lemma 1:) which, nia oa; 
1s the Soltdity of the Parallelopipedon DB G A, 4 Sen 
per Definition ſs 3 

A The 


Example. Suppoſe the Side of the 74 BA= 16 i N "Ns 
and the Height DB = 42. 1 => 
Then will 16 x £6 = 256. be: the be of. thay: 4 J ng Theor 
Baſe. And 256 x 42 107 the Solid Cen- er 1 th 
tent of the Parallelopipedin DBGA. DIG 

In this manner you may find the So/zdity of all regular Posygo- 
nious. Priſms, whoſe Baſes. (or Ends) are Tanita and en : 
what Form ſoever they are of. N 

That is, whether their Baſes are Thengls, Peneagans, Hens 
Zons, Or Ottagons, &c. a" ; tins 


— 
- 

. 

— : 


— . 


"THEOREM Xx. 


Every Pyramid ij the Third Part of the Priſ, that hath the ame 


Baſe and Height with ir. (7.e. 12.) 
That is, The Solid Content of the Pyramid BV A,' (in the 
laſt Figure) is one Third of its Circumſcribing Priſm D BG A. 


pDpDDemonttration. . 
For every Pyramid chat hath a Square Baſe (a B Ab a inthelaſ? 
Figure) is Ly of an Ina Series of Squares, whoſe Sides 
or Roats,are continually increafing in Arithmetich Progreſſion, begin- 
ning at the Vertex or Point V, (See Theor. 2.) its Baſe BAba be- 
ing the Greateſt Term ( LL) and its Perpendicular Height VC 


| 5 Ih A A 8 8 N. L 
or DB, is the Number of all the Terms ( = N); But 35 228 


the Sum of all the Series, per Lemma 3. and $ = the Solid 


Content of the Pyramid B; VA, per Definition 13. 

| Example. Suppol ethe Sideof a Pyramid's Baſe be B A= 16. 
and irs Height be VC = 42. Then 16 x 16 = 256 the Area 
of its Baſe B Aba. And 25547 —= 3584. Or 5= x 42 = 3584. 
Or thus 256 x M= 3584 is the Solidity of that Pyramid BY A. 


; * 1 C trolam. 


From hence it will be eaſy to conceive, That every Pyramid 
is + of irs Cireumſcribing Priſm, what Form ſoever its Baſe is 
of ; v. whether it be a Square, Triangle, or Pentagon, &c. 
THEORE M XI. 
The Solid Content of every Cylinder, j obtained by Multiphing the 
Ares of its Baſe into its Height. | 
For every Right Cylinder is only a Round 
Priſm, being — of an Infinite =_ 
of Equal Czrcles; that of its Baſs or End be- , 
ing one of the Terms, and its Heighe DB is e, 
the Number of all the Terms. Therefore the .f, 
Area of its Baſe B A, being Multiplied into . he þ 
DB, will be its Solidity, per Lemma 1. vt at: 
Viz, Let D=BA, and H= 64. 
Then 0,7854DD x H == its Solidity. 


tr ***4, 


122 


628 


— C8T — NT — — "I ck 
/ Applied to Dupexlicies and Solids. 409 
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Example, Let the Diamater of its . be D = 16, and its 
Height H = 42. 
Then 1 : 0,7854 * 22 16x16 = 236: 201 os24. the Area 
of its Baſe. 


And 201,0624 x 4 2 F444,6268 the valid Content « ns 
linder D BG Al. 


0 Corollary. 


3 it's evident, That every Square. Parallel, 871 Is to 
its erh Cylinder, As 1; % 0,7854 ; Or in whale 
Numbers, As 452 ; To 251. Ver NEAT. 

And that all Priſms are in Proportion to their bi Wr 
ders, As the Area's of their Baſes are. = 


THEOREM XML 


The Curve Superficies of every Right Cylinder, % 4 Equal ta the 
Rectangle made of its Height into the Periphery of 46 Baſe-. 


I hat is, DB Multiplied into the Periphery of Diameter B A, 
will produce the Curve Superficres of the cylinder DGBA. 
For the Cylinder is ituted of an Infinite Series of Equal 

Circles (according to the. Theor, ) rherefore its Cue Superfi- 

cies is compoſed of the Peripheries of thoſe Circles, per Defini- 

tion 20. Bur the Periphery of its Baſe BA is one of the 

Terms, and its Height DB is the Number of Terms. There: 

fore, &c, as per Lemma 1, | 2 
To which, if there be added the Area of both i its Ends, ( or 2 ] 

Baſes ) the Sum will be the Superficies, of the whole Cylinder. } 2: 


n BA= 16, 


eee am © 


OY by fn by 


Example. Suppoſe the n. 
and its —_ DB = 42, 


Then 1: 3,1416 22 16: 2 2 Peri pbery of irs Baſe. Th 
Again, 1: S 16 x 16 = 256 : : 201.0624, the Area | 
of Peach End or Baſe. F 


Then $9.,2658 X42 =211 11552 the Curve q erficjes, 
To which add 201,064 x 2 = 40241 248 both the end Area's, of 


The Sum = 25 I 3-200. is che an! of W 7: 
rhe whole Cylinder. 1 
THEO R E M XIII. 


Every Cone # the Third Part of a Cylinder, having the ſame 200 
with it, and their Altitudes Equal, (10, e. 12.) 


Devour 


1 —_ 18 10 ＋ 
| Diner * 


oe - * . — RE EONS „ 0 A — 


- Demonſtration. 


ds a * * a * ww. 


The Truth of this Theorem may be eafily conceived by only 


conſidering, thar4 Cone is but 4 Ro#i#td Py/aniid, arid therefore 
ir muſt needs Have che fartie Nurio to ith Ech bing Cylinder, 
as the * 12 oa _ to its Cireumſeribing Parallelopi pedon; 
vix, As 1; lo 3. However to make it yer clearer, let it be 
722 contidered, That ett; | 1 
Every Right Cone is conſtituted of an In- 
nite Series of Circles, whoſe Diameters do con- 
tinually Increaſe in Arithmeritt Progreſſion; be- 
ginning at the Vertex or Poim , the Area of 
its % B A being the Greateſt Term, and its 
Perpendicular Height. V C the Number of all 
the Terms; therefore Area Circle B A x VC 
will be the Sum of all the Series, per Lemma 3. 
which is tlie Cone's Solidi g. 
Example. Let the Diameter of its Baſe be 
BA = 16, and its Hezghe. VC =42, © 2 T1 
Then 1 : 0,7854 :: 16 X 16 2236: 201,624 the Area of the 
Baſe. And , = 38148736 the Solidity of che 
Cone 5 VA. Or thus, 201, 6624 x 1 = 2814,8736 Ge. 


. 
* 
. 
* 
* 

B | 
bo . Ss. * 

P 1 


Corollary. 


Hence it follows, That every Square Pyramid is to its Inſerib- 


ed Cone, As 1: % 854. (Ot, As 451: 355.) Conſequent- 
ly, that all Pyramids have the ſame Ratio to theit Inſeribed 
Cones, As the Area's of their Baſes have. 


 _THEOREM XIV. 
The Carve Superficies of every Right Cone, # Equal to Half the 
Refangle of the Periphery of its Baſe into the Length of its 
Side, 2 


The Truth of this Theorem is ſelf. evident from the Definition 
of a Cone, Chap. 1. Part 4. where it appears, that the Curve Su- 
perficies of every Reght Cone ( BV A) is Equal to the Area 
of a Sector of that Circle, whoſe Radius is the Side of the Cone 
(VB) and its Arch Equal to the Periphery of che Cone s Baſe 
(B 4.) But the Area of any Sector, is Equal to Half the Refl au- 


gle of the Radius into its Arch, per Theor. 4. Therefore, Oc. 


888 2 Eæample. 


— 
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Example. Suppoſe the Length of the Cone's Side to be VB, 
or VA = 42,7551. 4 
And the Diameter ot its Baſe, vix. BA = 16. As before. 
Then will regs be the Periphery of its Baſe. 

And = 4277s — 1074, 3333 Sc. the Curve of the 


* 
o which, if there be added the 2 of its Baſe, the Sum 
wall be the Superficies of the whole ( viz, al ) Cone, W 
That is 1074, 3353 
1 221,624 the Area of che B. 
1275,67 the total Superficies &c: 
Note, The Truth of thu Theorem may be proved from the Corb 
deration of the laſt Theorem, and Definition 20, 
©, Scholium. | 
From the 1oth and 13th Theorems, may be eaſily deduced 
ſeveral Theorems, for finding the Solid Content of any 
or Part either of a Pyramid, or Cone, cut 8 a pan Parallel 


ro = x4 1 
uppoſe a Sguare Pyrami as BY A, Be By 
bes cut by a Plain at ab "Parallel to its A, * 
aſe B 4, and ir were required ro find 2% ir 
the 0 olidity of the Fruſtrum or Part ab AB. 4-77 ＋ 
Let there be given ä 


D = BA the Side of the 2 Baſe. 
d=b a the Side of the Leſſer Baſe. 
= CP the Perpendicular Height, . 


* a 
Firſt f Dam: + 6: ITE V C by the Figure, 
H+VC | 
a DD *. NS = the whole Pyramid BVA. 
Then 2 3 os 
| Per Theorem 10. S 
And 3 51 c the Pyramid 4 5b cen. | 
i DDDH 
Viz. 1, 24D the whole WO B VA. : 
ET | dad. | acts} 1 
And 1, 3 555 = 47 b. 2 
* — — dddH 
41 — $J&ÞE , = the Bafin ab AB. . 
6, Reduc. |7 | DD + Dd + dd: x 1H the Fuſtum 254 3 
. Which in Words gives this following Theorem. He 


T H E. Fru 


. 


— — | — — 
Applied to Duperficies and Solids, 413 


THEOREM XV. 
To the Rectangle of the Sides of the Two Baſes, Add the Sum of 


their Squares ; that Sum being Multiplied into one Third of the 


Fruſtum's Height, will give its Solidity. 


Example. 4 — the Side of the Greater Baſe B A = 16. 

And the Side of the Leſſer Baſe ( or Top) ab = 12. i 

The Height CP = 9, F 

Then 16 x 12 =192,16 X 16 = 256. and 12 x 12 2144 

Next 192 +256 + 144 = 592. And £2 = 1776. 

yas 59 * += 1776 the Content of the Fruſtum of a Square 
yramid. 


And if it were the like Fruſtum of a Right Cone, it may be 
found by the ſame Theorem. Suppoling D = the Diameter of 
the Greater Baſe, d = the Diameter of the Leſſer, and .H the 
Height of the Fruſtum. * 

+ Then being the Sum of all the Squares which Conſtitute the 
Fruſtum of a Square Pyramid; are to the Sum of all the Circles 
which conſtitute the like Fruſtum of a Right Cone, in the Ratio 
of 1: To , 7854. (Or of 452 : To 355.) Therefore 
it will be 1: 0,7854 :: DD + Dd + dd X H: 0,7854DD 
＋ 0,7854Dd ＋ 0,7854dd x 3H = the Cones Fruſtum. 
Thar is, in the laſt Example, 1 :: 0,7154: 1776 : 1394,8704 
the like Fruſtum of a Right Cone. _— 
Or, becauſe © ,5h455 = 1,273236 Cc. Therefore it may be 
made 1,273236) DD + Dd + dd x 5H (= the ſame Fruſtum. 
That is, 1,273236) 1776 (1394,87 Sc. As before. 
And if you take the Triple of this Diviſor, viz. 1,273236 x 3 
it will be 3,8197) DD + Dad dd x H ( = the Fruſtum, &c. 


Again, 


iI D- 4. And F= the Fraſtum. 
3F 


2 DD Dd + dd = per 7th Step of the Laſt. 
3 | xx = DD — 2D4 -- ad. 
WH. 
|} de S ten 
* F F 
3 Dd = — xx Or Dd + 3xx= ,.. 


6 Dd + R: XH F the Fruſtum ab AB. 


Hence we have another eaſy Theorem for finding the ſame 
Fruſtum, | 


T H E. 


— 
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THEOREM XVI. 


To. the Rectangle of the Sides of the two Baſes, Add one ord Part 
of the Square of their Difference 3 that Sum being Mu Soil 
into the Height, will produce the Solidit r. 


Example. Let'D =16, dr 12. H=9. I 
Then Dd= 192. Dd =4=x. «pre = WS = $43 333. 
And 192 -+ 5,3333 = 197,3333- 


Laſtly 197;3333 * 9 = 1773,9997 the Selidity of the uin 
of the Square Pyramid, fore. 


And 3,81968) 1775,9997 (1394,87 Go. the like Habu of 
a Right Cone. As before. 


Either of the two Laſt Theorems ( being rightly applied) wil 
produce the rrue Solid Content of all dene of any kind of 
Pyramids that are Intercepted between two Parallel arid alike 
Plains or Baſes. As above. 

But if ſuch Fruſtums are cut through the Fare K both 
Baſes by a Diagonal Plain ( Ab in 
the annexed Figure) into two Parts, 
Aab, and AB, called Hogs: Then 
rhe Solidity of thoſe Hoofs, is uſually 
found by dividing the middle Term DJ 
of the Equation D D + Dd -þ dd 
into two Parts, and Adding one of 
thoſe Parts ro the Square of each Baſe. 4 


Thus, DD + fd: x 3H = the Great Hoof ABB. 


And dd L Ii Dd: x 2H = the Leſſer Hoof 4h. of the 
Fruſtum of any Square Pyramid. 


Then 3,8197) DD -|- 2Dd : x H (S the Greater Hoof of a Cone. 
And 3,8197) dd -|- :D&4: x H (= the Leſſer Hoof, &c. 


Which are the Thevrems propoſed by Mr. Dary, in his Book of 
Gauging Page 36. but do not hold exactly true, for they make 
the upper Hoof A ab too bi 7 and the lower Hoof A Bb as 
much too little. For indeed Dd ſnould not be Divided into 
two equal Parts, but rather into rwo ſuch Parts as have the 
Ratio of D To d. 


Thus, Suppoſing x the Greater, and . x the Leſſer Part, 
Let i: be made D:@ :: x: x. Ergo, = And 72 
| But 


* | D-+ d* 
That 44 


r — ͤ 6ä—— 


rds © Splipertictes and 1 and Solids. F. 75. 


Bur x + x = Dd by Suppeſition. Therefore N = © 
And Dd — x = x, | 


N | | 
Conſequently, 3 = Dd — 1 , And _ = Dd - — K* 

Whence it , i | 

DD + =— :* H = the Solidity of the Greater Hoof * 4B; 


dd B 2* 2 1H the Solidity of the Leſſer Hoof Aab. 


ot che Fruſtum of any Square > id. 
DD 50 
FP 3,81968 ) DD + 5.040 H (= The like Hoofs 


24 of a Rigbe Cone. 
3.81968) dd + pag HE 200 one 


Note, In order to avoid many Words in the following Demonſtra- 
trons, Let © ſignify any Cirele in genere; and if any two Letters 


be joined to it, 1 OBA, 8&c. it then denotes the Area of ſuch a 
Cirele as thoſe two Letters repreſent the Radius of. 


THEOREM XVI. 


The Superſpcies of every Sphere (or Globe) j Equal to Four timer 
the Area of its greateſt Circle. 


Thar i is, a a Circle whoſe Diameter is the Ari of the Sphere. 


Demonſtrat ton. 


If any Semi-Circle (as ATCS) be Turnedor Moved abour 
its Diameter (TS) it will Deſcribe a Solid Body called a Sphere, 
which will be conſtituted of an Infinite ö 
Series of Concentrich or Parallel Eireles, © _ T 
whoſe Diameters are Chords. Viz. Oab. > $ID bom 8 
Oed. Oef. &c, per Definition 1 27 

1 the Superficies of the 
Sphere, will be compoſed of the Peri- 
pberies of thoſe Circles which conſti- 
ture its Soli dity. Per Definition 20. 

A D== TS, the 4x of any Sphere, 


Then, acconding ro the Properey of a 
Creole, it 


will be | hi Thx Th = Db. 
That is, 2 D x To — ab. 


There- 


— ' — — 


— — — ee ee em emo 
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Dx Th = Har. For C«b-- = OT: 


l * Dx TA UT 
4 * — 1 
And 4 «| DR If = UT, Os, 


Hence its evident, that the Series a T, ge, Oy T, &c; N 
are in the {ame Ratio with T, Td, Tf, &c, vix. in Aritb- 
metick Progreſſion. Whence it follows, that the Ga T = the 
Sum of all the Cjrcle's Peripberies between T and 5. 

And Oer = the Sum of all the Circle's Peripheries between 
T and d, &c. | 

Conſequently, that the OAT = the Sum of all the Circles's 
Peripheries included between T and C. That is, OAT = 
the Superficies of the Semi-ſphere. £ BY 

And becauſe AC OTC = DAT, and NAC = OTC. 
Therefore OAT = 20A is the Superficies of the Semi-ſphere. 

Conſequently, 404 C will be the Superficies of the whole 


Sphere. . E. D. 


Example, Suppole the Axi IS D 16, Then DD= 256. 
And x :: 7854: 256 : 201,624 = QAC. For 2D = AC. 
Then 201,0624 x 4 = $04,2496 the Superficies of the whole 2 
Sphere. 

Tha becauſe 3,1416 is Four times o, 7854. therefore it will per 
always be 1 : 3,1416 :: DD : 3,1416DD the Superficies of | 
the Sphere (a before) And it's Equal to the Curve Superficies = * 
ot a Right Cylinder, whoſe Diameter and Height areeach = D in N 
the Axs of the Sphere. 7 | 

For 3,1416D = the Periphery of the Cylinder's Baſe ; and ths 
chat Multiplied with O its Height, will be 3,1416DD the fe 
Carve Superfictes of rhe Cylinder, per Theor. 12. 185 

And it to this there be Added the Area of its two Baſes (or 1 1 
Ends) Viz. 1,5708 D D. Then it is Evidenr, that the whole = h 
Superficies of the Cylinder will be to that of the Sphere, in the The: 
Proportion of 3 To 2. 214249 SW Thins 

| Scholium. | | Do, 

From the Method here uſed in proving the laſt Theorem, it will I Then 

be ealy to find the Curve Superfictes of any Segment or Part of a dit) o 
Sphere, that is Cut off by a R:ght Line or Plane; vix, ſuch as the Conſe 
Segment a Tm in the laſt Scheme, whoſe Curve Superficies is Sol; c 
Sar ( as above) Therefore ( beeauſe Qa QTh = GT) BC: 
ic will be Oab + OTb =rhe Curve * of that Segment. For 

But it the Axis TS, and Height T of the Segment are gi - ut 2 
ven. Then it will be TSx T6 = QaT, As in the third Step There! 
aboye, Which gives this Proportion or Theorem, © Vi... 


As the Axis of the $ phere : Is to the whole Superficies of 
Viz. 4 


the Sphere :: So the Height of any Segment: To its Curve 
Superficies, 4 , 
To which, if there be Added the Area of the Segment: Baſe, 
the Sum will be the Superficres of the whole Segment. 


THEOREM XVIII. 
Every Sphere i Equal to two Thirds of its Circumſcribing Cylinder. 


Thar is, of a Cylinder whoſe Height and Diameter of its Baſe, 
are each Equal to the Ax of the Sphere. 


Demonſtration. 


According to the Work in the laſt Theorem, it appears, that 
Qab. Oed. O, &c. do conſtitute the 
Solidity of the Sphere; and that (QaT, 
Jer, Oy T, &c. are a Series of Terms 
in Arithmetick Progreſſion, QA T being 
the Greateſt Term, and TC the Num- 
ber of Terms, Therefore OAT x £TC 
= the Sum of all the Series. 
per Lemma 2. | 

Andbecauſe JAT UT = Hab. 
Oer OTi=Oned. CT- = yd. 5 
AT- OTC= DAC, &c. where- 3 
in OT6b, T4, OT, &c. are Series of Squares, whoſe Roots 
Th, Td, Tf, are in Arithmetich Progreſſion ; Orc being 
the Greateſt Term, and TC the Nader of Terms, There- 
fore OTC x Te = the Sum of all that Serzes, per Lemma 3: 

Conſequently, OAT x 4TC : — OTC x iT C = the Sum of 
the Series Oab . Oe d. Off, &c. which conſtitute the Solidity 
of the Half Sphere AI: Put D = 2TC the Axs of the Sphere. 
Then 4D = Ic, and D = NC. And becauſe AT = 2U NN; 
Therefore OAT=2OTC=1i,z5708DD, And 1,5708 DD XA 
o, 39270 DD. sn | 
Again OTC x 4TC = 0,7854DD x 5D == 6,1309DDD. 

Then 0,3927 DDD — o, i 309DDD = 0,2618DDD. the Soli- 
dity of the Semi-ſphere ATG. TI'S HRS 3 
Conſequently, o, 2618 DDD 2 = , 5236055 will be the 


linder, whoſe Diameter of its Baſe, and Height = D... 

For 6,7854DDD == the Soliditg of the Cylinder, per Theor, 11, 
Bur 4 of 0,7854DDD = 0,5236DDD; as before. 
Therefore, &c, As per Theor, 

Hhh Exam 
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Solzd Content of the whole Sphere, which is Equal to ; of the 
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Example. Suppoſe the Ax D= 16, Then DDD = 4096. 
And 1: 0,5236 :: 4096 : 2144,6656 the Solid Content of 
mo Corolaries. 


1. Hence ir appears, that the Solid Content of every Sphere, 
is Equal to irs Superficies Multiplied into One Sixth Part of 
its Axs. r 

For its Superficies is 3,1416DD, per Theor. 17 
But 3,1416 D „40 = 0,5236DDD the Solid Content, as before 

2. And hence it is alſo Evident, that there is the like Ratio 
or Habirude between the Cube and its Inſcribed Sphere, as is be- 
tween the Square and its 9 Circle. And that is, As the 
Super ficies of any Cube : Is to the Superficies of its Inſcribed 
Sphere : : So is the Solid Content of that Cube: To the Solid 
Content of the Sphere, (See the Circle's Proportion, Page 401.) 

For if D = the Side of the Cube, then 6DD = its Superficies, 
and D' = its Solidity. And 3,1416DD = the Sphere's Superficies. 
Bur 6DD - 3,1416DD : : DDD: 0,5236DDD the Solidity of 
the Sphere. As above. 


Scholium. 


cx -#* 


Then ©ab-= 3,1416cc . and 'OTb = 3,1416bh. & 
Conſequengly, EL : os + _ 3 DS. 


which being reduced, will become 3cch - lh x o, 3236 ,. 


Or 1,998 55) 3ccb-j-bbh (S S. For o, 3236) 4,0000 (1,909855 
hi Theorenafor finding the Fruſtum'g Soljdiey: ©” 


- 
* 
. 


— — 


Note, 


* 


We 


— 


_.. Applied ro Duperkities and Solids, 419 
Note, Here we ſuppoſe the _ of the Segment, and the 
Diameter of irs Baſe ro be given: But if the Ars of rhe Sphere, 
and the Height of the Segment be given; Then putting D = 
the Sphere's Axis, þ = the Segments Height, and e as before; 
it will be D—hbxh=cc, Viz Dh -b ce. 
Therefore 3D hh — 256% h = 3cch hh. 
Conſequ. 3Dhh —2hhh x o, 3236 = S the Fruſtum's Solidity. 
Or 1,90985) 3D bh — 2bhh (=S. As before, | 
Which is a Second Theorem for finding rhe fame Fuſtum a Tm. 

And if it be required to find the middle Part a m N K, uſual- 
ly called the Middle Zone of a Sphere: : 
Then, becauſe it is ſuppoſed that 
am = NK, or which is all one, that 
bC = C B; therefore it is plain, that 
if Twice the Segment a Tm, be taken 
from the Solidity of the whole Sphere, 
there will Remain the middle one 
amNK. 

Bur becauſe that Work is a little 
Troubleſome, I ſhall here ſhew how 
to raiſe a Theorem for the doing it. 

Firſt, becauſe {C=3C=eC= aC= TC: Therefore 
it will be UAC - OC F = O6. AC - OCd= Red. 
DIC— OC>4= Oes, . 

Here becauſe DAC . AC. DAC, &c. are a Series of 
Equals, and Cb the Number of all the Terms; Therefore 
DGACx c = rhe Sum of all that Series, per Lemma 1. 

And QOCF. OGC A4. Oc, &c. being a Series of Squares 
whole,Rootsare in Arithmetich Progreſſion beginning ar the Cexter 
or Point C, viz. o, Cf, Cd, CI, &c, wherein the Greateſt, 
Term is (OC b, and Number of Terms is CC. Ergo Cx C 
= the Sum of allthe Series, per Lemma 3. | 

Conſequently, the OA C x CU: — OCb xX IC b= the Sum 
of all the Series Oyf . Oed. Oab, &c. which do conſtitute 
the Solidity of the Half Zone amAG. | ag 
And becauſe MAC -C = Qab. Ergo ©AC— O = Oc. 


Conleq. OAC x Ch: A e 20A O abc 
will be the Solidity of the Half Zone. 
Pur D=AG =24C. Xx =am . and H—=bB= 203. 


Then OA C = 0,7854DD . Oab=0,7854xx. And if 
we turn the common Factor 0,7854 into the Diviſor 1,27323 
h 2 and 


—ͤñ—m—— — — ber — — — | — 
420 The Atithmeticz of Jnyfinites Part V. 
and then take Triple of that Diviſor, VIZ, 3,8197 FI as before in 


the Fruſtums of Pyramids ) the Reſult of the precedent Work 
will produce this following Theorem, 


2DD + xX r the middle Zone 
3.8197 22 * r 


THEOREM XX. 


Spheres are in Proportion one to another, as the Cubes of their 
Diameters, (18. e. 12.) 


Demonſtration. 


Suppoſe D = the Diameter or Ax# of any Sphere; and d 
the Diameter of another Sphere eirher Greater, or Leſſer, 

Then is 0,5236DDD = the Solidity ot one Sphere, and 
0,5236d4dd = the Solidity of rhe other Sphere, per Theorem 18. 
Bur DDD: ddd :: 0,5236DDD : o, 5236ddd. Q. E. D. 


THEOREM XXI. 


The Solid Content of every Spberoid, i Equal to Two Thirds of its 
Circumſcribing Cylinder. ae 


Demonſt ration. 


Suppoſe the Figure N Tn SN in the Annexed Scheme, to re- 
preſent a Spherozd,torm'd by the Rotation of the Semi-Ellipſis TNS, 
about irs Tranſverſe Axis TS ( as per Definition 15 


Let D=TS the Length of the Spheroid, and the Ar of 
ws Circumſeribing Sphere. And d Nu the Diameter of the 
Greateſt Circle'of the Spheroid. 1 
Then becauſe OTC : QNC:: G Ab: Qab, per Scep 3. in Theer. 7. 
Therefore ir will be DD: 4d :: Ab: Qab :: ©4b : Oab, &c. 
But the Sum of an Infinite Series of n 


THE 0 R XIX. 4 


ſuch Circles as OA'b, ( whoſe Diameters BEES 

are Chords) do BAN ek Solidity of * — — 8 
the Sphere '( as before at Theorem 18.) by | 2 
And the Sum of an Infinite Series of ſuch; N 8 
Circles as Oa h (viz. whoſe Diameter * 
gre Ordinates of. the Elli pſis) do conftirute + 
the Sol:dity of the Spberpids, per. Pefini- 
tion 15, . 
Ergo DD: dd :: 0,5236DDD : o, 52364 

== the Solidiiy of the Spheroid, per Lemma 6, 


- 
- 
: ; HR. 
. 
* 
* 


* 


But 


Ps 


Applied to. | Superficies and | Solids, 424 


Bur 8 2 of the Cylinder, whoſe Diameter i is = , 
and Height D, per Theorem 1 1. G34, 

Now from this Proportion between the Sphere and its Inſcribed 
Spheroid, it will be very eaſie to deduce Theorems for finding the 
Solid Content, either of the Segment, or Middle Jone of any 
Spherotd, having the ſame Height with that of the Sphere. 


97 the Solidity of the whole Sphere: Is to the Solidity of the 
For 


whole Spheroid :: So „ any Part of the Sphere: To the like 
Part of the Spheroid, per Converſe to Lemma 6. 


As for Inſtance; Suppoſe it were required to find the Mi dale 
Zone of any S pheroid. 

Let D =TS, And d= Nu, as above; And H= bB. 
x = AM, as in Theorem 19. And let c=am. 


Then {EF — x H = - the Middle Zone of the Sphere, And 


: 4D: 1 20D + + — 3 xxdd x H 
0,5236D” : 0,5236 3,8917 4 3,8197 3,8197DD 


= the Middle Zone of the Spheroid. 
| xxdd | 
Again, DB $ 6:5; £33 5 85. -. . Thereidre == =ce; 


"DD 
xxdd H cc : | 
55 * 538197 © © 38197 XH. Which being 


xxad xxad x H 
taken inſtead of 3,8197D D D chere will ariſe this follow- 


Conſequently, 


lng Theorem, 
2dd + cc ; the middle Zone 
THEOREM XXII. 4 3,8197 x H Jef che pere. 


being the very ſame with W 19. 


Note, In the ſame manner you may Raiſe Theorems for neg 
the Segment of a Speroid, cut off either of its Ends, &c. 


THEOREM XXII. 


The Area of every Parabola, M Equal to Two Thirds of its Cir- 
cumſcribing Parallelogram, 


Demonſtration. 


Ler the Figure $ 4B repreſent Half a Parabola ; make DB 
Parallel to the Axis 5 A, and Sd Parallel to che Semi-Ordi- 


nate 4B. And ſuppoſe S robe Divided into an 2 
eries 


ma, ne, p, &c. | 
Then according to the Property of the Parabola it will 


bel 11 SA: DAB :: Sa: Om 2 LIN 


2 SA: DAB:: Se: des 
{ 13] $4: AB:: Sy: Oyp, &c. 
Bur Sa fm, Se gu. Sy=hp.'SA=adB- 
| | Therefore Alternately it will be 
3, 4 OAB: dB: : Oyp : bp | 
2, 5 QAB : dB :: Oen : gn E F 
| 4B: dB :: Dam: fm, &c. h ” Win 


9999 N. 


In theſe Proportions Jam, Ven, Oy p, &c. are a Series of 
Squares, whole Roots, Sf, Sg, Sh, &c. are in Aritbmeticl 
Progreſſion beginning at the Point S. And becauſe the Lines 
bp, gn, fm, &c. have the ſame Ratio; Therefore they are 
as ſuch a Series of Squares, wherein d B is the Greateſt Term, 
and S d the Number of Terms. TEL 

dz x Sd | 
— the Sum of all thoſe Lines, pet Lem. 3. 


ä S4 Xx 4 
But SA X AB = dB x Sd. Therefore : 2 = the Sum 


of all that Series of Lines ; bur all thoſe Lines do conſtitute the 

Area of the Semi-Parabola's Complement : viz. the Area of whit 

Half the Parabola SA B, wants of compleating or filling up rhe 

Paralrlogram Sd AB. | | 
28A x AB 


Wherefore $4 x AB: — SAX AB = pill be the 
Area of Half the Parabola S AB. 3 


| Conſequently, SAN b B, will be the Area of the whole Pa- 
rabola bS B. Q. E. D. 


Example. Suppoſe the Baſe or Greateſt Ordinate of a Parabola, 
to be bB=24. and its Intercepted Diameter or An be SA = 33. 
Then 284 x UB = 66 x24 = 1584. And 3) 1584 (528 rhe 
Area of that Parabola, | 


THEOREM XXIV. 


Every Parabolick Conoid, is Equal tg One Half of its Circum- 
woes, „ 


Demonſtra- 


" Applied xo Superficies and Solids. — | 


Demonfration. 
If any Semi-Parabola (as B $A) be turned or mov d about irs 


Axi ($4) it will form a Solid Parabolick-Conoid, conſtiruted of an 


Infinite Series of Circles, viz. Oba, Ofe, Og7, '&c. per Defin. 17. 
Now according to the Property of every Parabola, it will 


4 
be, S: 4B :: AB : , the L, Rewni 
$axL= Obs 
Then S$exL= of 
n. &. 


"Iv SaxL, Sex L, $3 xL, Cc. 
are a Series of Terms in Arithmetick Progreſ” f 
fion. Therefore Qa, Qfe, Qgy, &c. are mes 


alſo a Series of Terms in the ſame Progreſs |. 
fion, beginning at the Pointe S, wherein B. 
4B is the Greateſt Term; And $4 the. 
Number of all the Terms. Therefore AB x 184 = the Sum 
of all the Series, per Lemma 2 
Conſequently, OAB x 184 = the Sum of all the Series. of 
Oba, Ofe, Og 7, &c. which do conſtitute the Solidity of 
the Conoid. 
- And putting D=24B, and H=$S4; 

Then 0,7854DD x Z = 0,3927DDH will be the Solid 
Content of the Conoid; which is juſt Half the Cylinder whoſe 
Baſe = D, and Height = H. See Theorem 11. Q. E. D. 


This being underſtood, it will be Eaſie to Raiſe a Theorem for 
finding the Lower Fruſtum of any Parabolic Conoid. 

For ſuppoſing b = 4.4. the "Heighe. of the Fruſtum, and 
p = Sa the Height of the Part BS cur off. Then B= SA 


the Height of the whole Conoid. 
Conſequently l Kb + L945 LIP . hs Slit of, the 
whole Conoid, "1 acai 


Oba x . | EL uv 
— * - the Selidiy r a 2 Þ 


1 1 N42 


the Solidity of the Fruſtum. 

[2 > +p: OAB :: .: : Oba. 
. 13} : O4B: 7 Gb 5 
* 14] ©4Bxp= Obax b ++ Obaxp- | 


And 


424 The Arithinetick of Inünttes Parc V. 
5] OAB x p: Oba xp = Obaxh 
1 Xx 2 [6 OABxb:-- OABxp:— Oba xp =2F 
6 — 5 [7] OABxh =2F:— Ola x 5 
7 + Obaxb|8] OABxb A Oba x DAF 
$ — 2 9 O4B -+ Oba :* F the Fruſtum's Soli- | 
don. * PLES n (dy, | 
Let D = 2AB, as before; And 4d = 2ba the Diameter 
of the Part cut off. Then we ſhall have this following 


4 — Oba xþp| 


- 


. £0,3927DD -+ 0,3927dd : x h = the [ 
THEOREM XXV. Ia of the Fruſtum required. 


DD -+ dd pt AK 

Or 4 - p 4 GX h = the Fruſtum. For,3927)1,0000 (= 2,5464 
, | 1 

And * 2,5464 T = 3,8196. Therefote it may 0 


be made 3,81 96) DD -+dd: x 15h ( =the ſame Fruſtum, &c. 


1 
Note, The Reaſon why I have reduced this Theorem to have the E 
ſame Diviſor with thoſe at the Fruſtums of Pyramids &c. will beſt \ 
appear further on, viz. when they all come to be applied to Practice \ 


| in Gauging. 


THEOREM XXVI. 
Every Parabolick, Spindle (or Pyramidoid ) * Equal to Eight 0! 
| Fifteenths of its Circumſcribing Cylinder. 


Demonitration. | 2 
Ik any Acute Parabola, as 6 B, be Turned or Moved, F 
about its Greateſt Ordinate b AB, it will form a Solid called a 
Parabolick Spindle, conſtituted of an Infinite Series of Oma, it 
One, Opy, &c. per Definition 18. | 1 | | 
Ler us ſuppoſe the Line Sd Parallel to AB, &c. As at Ci 
Theor. 23. Then it hath already been proved, chat the Lines fm, 
gn, hp, &c. are a Series of Squares whole Reots are in Arith- P 
metick Progreſſion. Conſequently, their Squares, viz, Um, , 
Og n, Uh, &c. will be a Serie: | 2 | 2 
of Biquadrats, whoſe Roots will be 1 £& h 4 _— 
in Arithmetick Progreſſion ; which | mf: 5 * 
being premiſed, we may proceed f 


thus. 
ue 


11 $4 —fm—=ma b 
2 n IE IO 


— 5 G © 
Applied to 
1 1 eee £3 SES 


. 


Superticies and Solids, 425 


1'& 2141 054 — 354 xfm + Of ="Oma 
2 & 2 [5] O$1—2IAX$6h Oge:=0 6. 
3 @2 16| OSA—2SA x ? + QObp = Opy, &c: 


r. In theſe Equations the SA, OSA, 84 being a Series 
of Equals, and AB the Number of all the Terms ; Therefore 
ir wil be QSA x AB = the Sum of all the Series, per Lemma 1. 


2. Becauſe fm, gn, hp,” &c. are as a Series of Squares 
wherein $4 is the Gre Term, and AB the Number of all 
the Terms. Therefore Ld, = x42 = 2032 2 will 
be the Sum of all that Series, per Lemma 3. ä . 


3. And the Ofm. gn. Oh p, &c. will be a Series of Terms 
in the Ratio of Biquadrates, as above, (dB = OSA | being the 
Greateſt Term, and AB the Number of all the Terms; 


Therefore ir will be WLXAE the Sum of all the Series; 


per Lemma 5. | 3 . a ye 
Whenceir follows, that 07.4 x AB - 2254 AB _, DOSAx AB 
; SST 5 
= the Sum of all the Series of ma, Une, Opy, &c. 
n 8 * 
That is, — — = the Sum of all the Series 
of Oma: One Obp A. &c. 
| Conſequently, 2 ED = the Sum of all the Series of 
Om a. One. Opy, &c. which do conſtitute the Solidity of 
Half the Spindle, viz, of SAB. 

Therefore, putting D = 2$4, and H= 24 (viz: 545) 
it will be 0,41 888 DDH = the Solidity of the whole Parabolick 
Spindle b S B, being £ of ©0,7854DDH the Solidity of its 
Circumſcribing Cylinder. Q. B. D. 

From hence we may alſo Raiſe a Tbecrem for finding the Fus 
Num S$Apy of the laſt Figure, | 8 

For OSA being the Greateſt Term; Opy the Leaſt Term, 
and 4y the Number of all the Terms or Circles included be- 


rween 4 and . VELO 
C PIERS 7 A ASTRO OLDS vi 
Therefore | 1 wm « & AYE 7 the Suh 
of all the Series OSA, Om 4, Og 1, Op 33 
5 20 N 
2] 3054 . αια h , = 34 
. 2 * 


| 
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as "Tic? 
1 228 888 * 2 J 33 i 
2 + 41a] 2084=284xbp + EL 
But [4 O - x bp= Dp - Obp Fer sth Step; 

4% e =- 023+ Obe 

5 0 1 * * 3 

5 =. &. 6 2054+ - 
Conſequ. [7\ 2084 ＋ Op9 10: A == x; the 
Sum of all the Series of OS A. Om a. One . Opy, which 
do conſtitute the Solidity of the Fruſtum SApy. Therefore 
utting D.=2.$4, As before, C = 2py, x = 2hbp, And H= A 
twill be 1,57098DD + 0,7854CC — 0,31416xx: x 3H = the 
Fruſlum SA p. And if we make L=2H. | 
Then 1,5708 DD -+ o,q8534CC — 0,31416xx : X 4L = the 


Double of chat Fruſtum, being the Middle one. And by rurn- 


ing theſe Factors into one common Diviſor, as in the Fruſtum of 


the Conoid at Theorem 23. Page 424. there will ariſe this follow- 
ing Theorem, 


„ un $3;8196) 2DD Ace-: „L (= 
THEO R XXVII. 1 Middle Tone of a Parabolic Spindle. 


It may be here expected that I ſhould now ed to ſhew 
how the Area of any Hyperbola, and the Contents of ſuch Sojids 
as may be form'd by the Rotation of that Figure about its Ax- 
n, &c, may. be found: But becauſe thaſe things cannot be exact- 
ly perform d, by any certain or ſettled Theorems ; As theſe of the 
Circle, Elipfs, and Parabola have been: Ive therefore omitted 
them, and refer the Reader to Dr. Wallas Algebra, Chap. go .&c. 
Or ro Philoſoph. Tranſ. Number 34. wherein he.may the Me- 
thod of forming Infinite Series relating to the Squaring of an Hy- 
perbo a, &c. which are roo tedious to be fully Explain'd and De- 
monſt rated in this ſmall Trac, ir being only intended as an Intro- 
duction, the which I ſhall here — | ; 
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APPENDIX. 
Peactical Ga auging. 


HE Art of Gauging is that Branch A rhe . 
eicks called Stereometry, or the Meaſurin Solids ; 
becauſe rhe Capacities or Contents of all | Ag, Veſſel: 
aſed for Liquors &c. are computed as cho they were really So- 
lid Boazes ; which any one chat hath made himſelf Maſter of 
the foregoing Parts of this-Treats/e, max casi uadealiand, *_R 
out any ſurther Ditections. 
However, becauſe it is not W bar aeg _ 
which deſigns to undertake the Office or Employment of a Ganger, 
hath made ſo great a Progreſs in Mathematical Learning; Ihave 


"therefore - preſented the young Gauger with this Appendix, 


wherein Ive only Inſerted ſuch Rules as are uſeful in Ga "gs 
and have been already Demonſi rated in this Treats/e. But 

in, 1 pre- ſuppoſe, that he hath. acquired, — iF not, ir qu 
requiſite . be uid acquire } a competent | no __ bo in 
Arithmetick and Geometry, | That is, 


I. In 9 he ſhould underſtand the Princi oat Rules ye ye- 
ry well; efpecially e 11710 Divifion, borhk: in whale 
Num bers. and ' Decimal” Parts ; 
the 2d, 3d, and 1 Ch apters 7 1.) Thar fo he may be 
ready in computing tlie eilten, of any Vaſe, a caſting up 
his, Galego by lle Pen only, viz. without rhe 100 of 1 Ling 
of Numbers upon ding ules, ſo much Applayded, and but too 
much Practiſed,  which'at beſt do But hetp to 5 at the Truth, 
and may juſtly be called an Lale Ignorant "wap of dogs Bulvel, 
e eee e o S- 


II. In Geometry the 57 er. gerſtaad not n Fr to 

take Dimenſions ( bi hou % Practice) but 1125 how 

to Divide any 5 715 2 ar Tu or Superficies, As Brewer's Backs, 

or c &c. into the ay and = weſt Regular Figures OY 
112 


ch may be 177 Learnei but of 
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will admit of; that ſo their Area's may be truly computed with 
the leaſt Trouble. And this may be Learned ( with a little Care 
and Diligence ) out: of the 1ſt 2d and zch Chapters of Part 3. 
which the Gager ſhould be well acquainted with. | 

Alſo he aul to have ſo much Skzll in Solids,” as to be able; 
even at ſight (but ths muſt be acquired by Experience) to deter- 
mine what {ort of Figure any Veſſel is of , ( viz. any Tun, or Cloſe 
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Cast) or what Figure it may be beſt reduced to; ſo that its 


Dimenſions may, be truly taken, and the Content thereof compur- 
ed With the let Error. I fay with the leaſt Error, becauſe it 
is very Diffichlt, if not Impoſſible; to do it Exactly; for there 
is not any Tur or Cask, &c, ſo Regularly made, as by the Rules 
of Art it is required to be. ä ar: . 


III. Beſides the aforementioned, the young Gauger muſt know, 
that all Dimenſions uſeful in Gauging, are to be taken in Inches, 
and Decimal Part, of an Inch; and if they are taken in any 
other Meaſures, as Fees; or Yards, &c. thoſe Meaſures muſt be 
Redicced to Inches (See Sect. 4. Page 42.) becauſe the Contents of 
all ſorts of Veſſels (taken Noticeof in Gauging) are computed 
by the Standard Gallon of its kind, whole Content is known to be 
a certain Number of Cubick Inches. That is, the Beer or Ale 
Gallon contains 282. the Vine Gallon'231. and the Corn Gallon 
268,8 Cubick Inches. (See the five Tables, &c;' in Page 34, 35, 
36. which I here ſuppoſe” the Gauger to have learned perfectly by 


Heart) Conſequently, it either the Superficial, Or Solid Content 


of any Veſſel, as Back, Tun, Ca, & e. be once compared in 
Cubieck Inches, it will be eaſie to know how many Gallons, either 
of Ale, Nine, Or Corn, that Veſſel will hole. 


Note, I have here ſaid the Syperficial Content in Cubic Inches] 
which may ſeem to be very Improper, according to the Defini- 
tion given. of a Superficies in Page 279. But you muſt know, 
that in the Buſineſs of Ganging, all Superficies or Area's are al- 
ways underſtood to be one Inch deep; otherwiſe it could not be 
ſaid. ( As in the Gauger s Language it u) that the Area of ſuch a 
Back, Or of ſuch a Circle, &c. is ſo many Galon mn. 
' Theſe xbings being very well underſtood, the young Gauger 
will be firly prepared to underſtand the following Problems, 
Which are ſuch as have ( mot of them) been already. propoſed, 
in, the foregolng Perg of this Theatiſe; and are ber applyed to 
Practice; And therefore I ſhall for Brevities ſake, often refer rg 
thoſe Theorems and FHH. 
+, ; ; — 
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Section 1. To find the Area of any Right-lin 'd Superfig er in 


Gallons, 4 


Pꝛoblem 


To find the Area of any Square Tun, * or Cooler, &c. einker 
in Ale, Vine, or Corn Gallons. 


( Multiply the given Length, or Breadth (being here Equal) 
Rule - into it ſelf, and the Product will be the Area in Inches; 
Then Divide that Area by 282. Or 231, Or 268,8. and 

the Quotient will be the Area required, 


Example. Suppoſe the Side of a Sguare Tun, Back or Cooler 
be 124,5 Inches; What will its Area be in Gallons ? 
Firſt 124,5 X 124,5 = 13500, 25 the Area in Inches. 


Then 282) 15500, 25 ( 54,96 Sc. the Area in Ale Gallons, 
And 231) 15500, 25 (67, 10 Sc. the Area in Wine Gallons. 
Or 268,8) 1 5500, 5 (57,66 Sc. the Area in Corn Gallons. 
But if any one would rather work by Multiplication than 


Diviſion, he may Turn or = any Diviſor into a Multiplica- 
tor, if he Divide Unity or 1, by that Diviſor, ( vide Preblem 3. 


Page 402.) 

Thus 282) 1 [,000000 (0 ,003546 the Multiplicator for Ale Gallons. 
And 231) 1,000000 (0,004329 the Multiplicator for V. Gallons. 
Or 268, 8) 1,000000 (0,003722 the Multiplicator for C. Gallong, 


Conſequently 15500,25 x'0,003546 v 54,96 Sc. the Area 
in Ale Gallons as before; And ſa on for rhe reſt, 


Pyoblem 2. 


To find the Area of any Tun, Back or Cooler, in the form 1 4 
Rig hi- angled Paraleiggram, in Ale Cale, &c. 14 01 


See the Rule for finding its Area in Inches, at Prob. 1. ' Page 333 
Then either Divide (or Multiply ) that Area as above, and you 
wil * the Area in Gallons. | 


Example: Suppoſe rhe Length of a Brewer's Tun, Back or 
Cooler be 217,3 Inches, and its Breadth 85,6 Inches ; 3 * wal 
its Area be'1 ¹ Ale or Beer Gallons, &c. 


Firſt 2175 X.y5,5 = 18648. Then 282) 18648 (66, 12 Se 
* 18648 Xx ag0545 = — 66,12 &c, the Area required, Ge. 


Pol 
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To find the Area of am Trianguler Tun, Back, er Cooler, in Ale 
Gallons, &c. | 
See the Rule for finding its Area in Inches, at Prob, 3. Page 334; 
Then Divide ( or Multiply ) that Ares as before, and you will 
have the Area required. | . n 


Example, If che Lengeh of the Baſe of a Triangular Cooler be 
86,4 Inches; and its Perpendicular Breadth be 57 Inches ; What 
will us Area be in Ale Gallons 2 8 
Firſt 86, 4* 1 =2462,4. Then 282) 2462,4 (8,73 Ce. 
Or 2462,4 X 0, 003546 = 8,73 Cc. the Ares in Ale Gallons, 


Proceeding thus, you may eaſily find the Area of any Tun, 
Back or Cooler, whether it be in the Form of a Rhombus, Rhom- 
boides, Trapezium, or of any other Polygon, either Regular, or 
Irregular, in Ale or Beer Gallons, &c, if you firſt Divide it into 
Triangles, and then find the Area of thoſe Triqngles ; (As in 
the 2d, ath, 5th and 6th Problems in Chapter 5. Part 3.) The 
Sum of thoſe Area's being Divided (or Multiplied,) by its proper 
Diviſor (or Multiplicator) as above, will give the Area re- 

wired. | 
Nou the Practical Way of Dining any Polygonious Tun, 
Back, &c: into Traingles,. is by Help of a chalk'd Line, ſuch as 
the Carpenters uſe; and may be thus performed. : 

Suppole any Brewer's Tun, Back or Cooler, in the Form of the 
'Annexed Figure ABCDFG. Let one End of the cha/k'd 
Line be faſtened with a Nail (or otherwiſe) in any Corner or 
Angle of the Back, as at A; Then S 
ſtraining it to the Angle at C, rike B — 
the Diagonal Line AC, upon the Bũ r- 
tem of the Back ; And Hraining it again 4 Cl.. 
to the Angle . D,, ſirike another Drago. © 1h 

al Line, as AD; And fo on for he 
Big Line GB, &c. Then havnngg 
Mark d out all the Diagonal, the Perpendiculars may be thus 
found ; faſten ( as before) one End of the chalk'd Line in the 
Angle B, and then by moving it to and fro upon the reach, 
find out the neareſt Diſtance between the Angle ak B, and the 
Diagonal Line AC, there firile a Line, and it will mark out 
the Perpendicular from B to the Line 40; and, ſo on for the 
other Perpengiculars, which bein g all mark d out upoſ th Bottom 
of the Dach, Meaſure them, and each Diagonal by a Line of 
LF In- 


, 
C 
* 
'C 


of 
2 
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Inches, & c. And then the Area of that Back may be com as 
And here by the way it may be obſerved ; That the Number of 
Triangles will always be Leſs by Iwo; and the Number of the Dia- 
gone Leſs by Three, than the Number of the Sides of any Rigbe- 
in d Figure that is ſo Divided. | 155 
Having found ( as above) the true Area of any Brewer's Back 
Cooler, (which according to the Laws of Exciſe, ought always to 
e fix'd or immoveable ) the next thing will be, ro find out the true 
Dipping or Gauging Place in that Back, that ſo the true Quanti- 
ty of Wares may be computed or caſt up at any Depth; which 
may be thus done, 1 
1. When the Bottom of the Back is covered all over, (ef am 
Depth) either with Worts or Liquor (viz. Water) then Dip it in 
Eight or Ten ſeveral Places (more or leſs according to the Large- 
5 


ne 


of the Back) as remote and equally diſtant one from ano- 
ther as you well can, noting down the Wet Inches and Decimat 
Parts of every Dip. ie 

2. Divide the Sum of all thoſe Dips or Vet Inches by the 
Number of Places you Dip'd in, and the Quotient will be the 
Mean Wet of all thoſe Dips. 

$i Lag. find out ſuch a Place by the Side of the Back ( if 
zou can) that juſt Vets the ſame with that Mean Dip, and make 
a Notch or Mark there for the true and conſtant Dipping Place of 


that Back, gl hen if any Quantity of Wort, (which do cover the 
whole Back Dipped or Gauged at that Place, and the wet In- 


ches ſo taken be Multiplied into the Area of the Back in Gal- 
tons, the Product will ſhew what Quantity (viz. bow many Gallons) 
of Morts are in that Back at that Time, provided the Sides of 
the Back do ſtand at Right-angles with its Bottom. 


Section 2: To find the Area af any Circular and Elliptical 
|; Superficies in Gallons. 

I. I haye Demonſtrated in Chapter 6. Part 3. And Theorem 5] 

$, 6. Part 5. that the Periphery of the Circle whoſe Diame- 


ter is Unity or 1. is 3,14159265 Sc. (or for common Uſe 3,1 416) 


And that its Area is 0,78539816 Ce. (Or 0,7854 fere.) 


2. Alſo, that the Peripheries of all Circles are in Proportion one 
to another, as their Diametersare ; And their Area's are in Pro- 
portion to the Squares of their Diameters. That is, : 
As 1: 3,1416 : : the Diameter of any Circle: To its Periphery, 
And 1 : 0,7854 ;: theSquareofthe' Diameter : To the ne, I 

Vp 
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Upon theſe Two Proportions depends the Solution of all the 
Common or Practical Queſtions about a Circle. See Page 402, 


and 403. | 
Problem 4. 
"\, The Diameter of any Circle being given in Inches; To find the 
_ 4 Peri phery. | TE 


Multiply the given Dinmeter with 3,1416. and the Product 
Rule Nil be the Periphery required, See Prob. 1. Page 302. 


Example, Suppoſe the Diameter of a Circle be 54,5 Inches, and tl 
it were required to find its Peri phery. pH | 
Then 54, 5 x 3,1416 = 171,21 &c, Inches, is the Periphery | T 
required. MER, * 

The Converſe of this is Eaſie, viz. by having the Periphery O 
given; To find the Diameter, See Prob. 3. Page 402, 


Problem 5. by Di 
The Diameter of any Circle being given (in Inches) To find its | ©: 


Area in Gallons. | 


and the Product will be the Area in Inches ( vide Prob. 2. 
Page 402.) That Area being Divided by 282 or 231 &Cc, 
the Quotient will be the Area required. 


Example. Suppoſe the given Diameter be 54,5 Inches, As above. I conf 
Firſt 54,5 & 54,5 = 2970,25, And 2970,25 x 0,7854 = 2332,83 
the Area in Inches. | 
Then 282) 2332,83 ( $,2724 the Area in Ale or Beer Gallons. The 7 
And 231) 2332,83 (10,0988 the Area in Vine Gallons, To 
Or 268,8) 2332,83 (8,6788 the Area in Corn Gallons. be! 
But theſe Area's in Gallons may be much Eaſier found, with- | 
out knowing the Circles Area in Inches as above; by having Bitte 
the Square of the Diameter of that Circle whoſe Area 1s one e 
Gallon; which may be thus found, per Theorem 6. Page 401. 
785398 : 1 :: 282: 359,05 the Square of the Diameter of 
the Circle whoſe Area is 282 Cubick Inches, viz. one Ale Gallon; | Exa 
And from this Proportion will ariſe theſe following Diviſors. the Sho 


Fix. 0,785398) 282,000000 ( 359,05 will be a Diviſor for A. G. fe b le 


And o, 785 398) 231, 00000 (294, 12 will be a Diviſor for W. G. ſthe * 
Or , 785398) 368, 8000 o0 (342,24 will be a Djvi/or for c. G:Þ" ine 


Multiply the Square of the propoſed Diameter into o, 7854. Ane 
Rule 5 
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If che Square. of the Diameter of any Circle; be Divided by 
any one of theſe conſtant or i d Diviſors, the Quotient will ſhew 
that Circle s Area in their reſpective Galons. As for Inftance in 
the Laſt Circle, whole Square of its Diameter is 2970,23. 
Then 359,05) 297% 3 ( 3,2725 the Area in A. G. 7 
And 294, 12) 297, 3 (10,0988 the Aregin N. G. As before; 
Or 342,24) 297,5 (8,788 che Area in C. G. 


Now theſe Diviſors may be turned into Multiplicators, by 
Dividing Unity or 1. As in Page 429. Or rather by Dividing 
the Area in Inches of chat Circle whoſe Diameter is 1. 

Thar is, o, 785398 by 282. Or by 231. Ge. boa g 

Thus 282) 0,785398 (0,002785 the Multiplicator for Ale Gal: 
And 231) % 85398 ( 0,003399 the Multiplicator for WineGal. 

Or 268,8) 0,785398 (0,002922 the Multiplicator for Corn Gal. 


Theſe Myltiplicators are the ee Area's of a Circle whoſe 
Diameter is 1. And therefore, if the Square of the Diameter of 
any Circle, be Mulriplied with apy of theſe Numbers, the Product 
will be that Circle's Area in Gallons of the ſame Name. 
Viz. 2970,25 X 0,002785 ==. 8,725 the Area in A. C. as above. 
And 2970, 25 x 0,003399 = 10,0988 the Area in V. Gal. &c. 

Thus you ſee, that if the Diameter of any Circle be given in 
Inc hes, there are three ſevetal Ways of finding its Area in Gal- 
lons, and all equally True; But that which is perform'd by rhe 

' | conſtant Diviſers is moſt generally Practiſe dt. | 

| | Pzoblem 6. | 

The Tranſverſe (or Longeſt Diattieter ) and the Conjugate (or 0 

ſhorreſt Diameter] of any Elliptical Superficies being given; Mi! 
To find its Area in Gallons. . oy | 


” Multiply the Two Diameters' ( viz. the Length and 
Breadth ) together, and Divide their Product by 359,5 ö | 
or Ale Gallons, or 294, 12 for Wine Gallons, &c. The l | 
Quotient will be the Area required. See Theorem 7. 10 
„ IR <— Il! 

Example, Suppoſe the Longeſt Diameter to be 73,5 Inches, and 
the Shorteſt Diameter to be 51,6 Inches; What will the Area be 


K kk Note, 
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Note, The Two laſt Problems are of great Uſe in Gauging of 
Morts amongſt Country Viftulars, who generally Brew but fſhorr 
Lengths of Ale ( viz. perhaps between 20 and 60 Gallons at 4 
Brewing) and Cool their Worts in ſeveral ſmall Open Veſſels or 
Tubs, whoſe Baſes or Bottoms are either a_Cercle, or an Ellipſis, 
having their Sides but Low, and are moſt commonly ider at 
the Top than at the Bottom. 3 


8 — 1 " 


Now a Practical Way of computing the Quantity of Wort. 


that are at any Time in one of thoſe Open Tubs, is briefly thus: 
When the Tub is Dry, find the true Area of its Bottom, according 
to its Figure .( as above) And either mark that Area on the out 
Side of the Tub ( which. was the way J generally uſed to order, be- 
cauſe the Victulars did often, lend their Cooling Tubs one to ano- 
ther) Or elſe Number the Tub, and Enter its Area (and its Num- 
ber) into the Stock Book; Then, when any of thoſe Tubs hath 
Morte in it, take the Diameter of the Surface or Top of the Worts, 
and find that Area, Adding it and the Bottom Area together; If 
either the Half Sum of thoſe Two Area's, be Multiplied with the 
Depth of the Worts; (talen as near the Middle of the Tub as you 
well can) Or, if the Sum of thoſe Two Area's, be Multiplied 
with Half the Depth (ſo taken) the Product will ſhew the 
Quantity of thoſe Worts very near the Truth. | 


Problem 7. 


The Diameter of any Circle, and the Verſed Sine ( vi, the Height) 
of any Segment being given; To find the Area of that Segment 
in Gallons. © 8 


In the 404 and 406 Pages, you have Two Ways (and their 
Examples) of finding the Area of any Segment of a Circle in 


Inches; Then if that Area in Inches be Divided by 282. or 231 6c. 


the Quotient will be its Area in Gallons, But becauſe the Area 
of any ſuch Segment may be readily found in Gallons (without 
finding its Area in Inches) by help of a Table of Segments, whole 
Conſtruction is laid down in the Problem, Page 405 Sc. I have here 
Inſerted a Compendium of ſuch a Table, which will ſerve very 
well for Common Practice, not only to find the Area of any Seg- 
ment of a Circle in Gallons; but alſo to find the Number of Gal- 
lons that are either Drawn out, or Remaining in any Cylindvrick 
Veſſel lying along : Or if any Cloſe Cask ( being firſt Reduced to 
a Cylinder) its Axu Lying Parallel to the Horizon ; uſually call- 
ed the Ulage of a ca; As ſhall be ſhewed further on, 
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4 Table of the Segments of a Circle, whoſe Area is Unity or 1. 
The Diameter being Divided by Parallel Chord Lines into | 
too Equal Parts. Ee Ke | | | 
| * | 
de V. S. Segment V. S. Segment! V. Segment | 
- 1 | 0,0017 26 | 0,2066| | 51 | 90,5127 | 76,8135 
20, oo48 (27,2178 32,5235 770, 8262 
| 3; 0,0087 28 | 0,2292 | 330, 5282 78,8369 
44, 0134 29,2407 54,5509 790, 8474 
32242 2 822322 [55 | 2.5635 80 10,8576 
60, oz45 310, 2640 5610,5762 8110,8677 
7 0, 0308 320, 2759 5710, 588880 | 82,8776 
80,0375 330, 2878 58,6014 82,8873 
9, 446 34,2998 39,5140 84,8968 
10 o, o5 20 35,3119 | 60 0,6265 B5 | 0,9059 
11|0,0598 36 | 0,324 1 61 | 0,6389 86 , 9149 
12,680 37, 33644 62,6514 87 0,9236 
1310, 0764 38 0,3486 (63 0,6636 88 0, 9320 
1140, 08516 390, 3611 640, 6759 89 , 9402 
15,941 40,3731 6,6881 90 ,9480 
16 „1032 [41 o, 3866] [66 O | 91 „9554 
171% 11271 [42,3986 (67,7122 92,9625 
1810, 12244 43,4112] 68,7241 93 „9692 
19,1323 44,4238 69,7360 94 |0,9755} 
20|0,1424| 45,4363 | 70 10,7477 93,9813 
211, 1526 46,4491] |71 |0,7593 96,9865 
22,1631 |47 |0,4618] 72% e 97,ä9913 
230.1738 [48,4745 730, 7822 980, 9952 
24, 18451 49,4873 74,7934 991, 9983 
2 | 0,1955 50 |0,5900,|-,.1 75. o, 8045 I00| L, ooo 


it 


The Uſe of this Table of Segments depends upon the follow- 
ing Proportion, CO 229.201 K . 
As the Diameter ef any propoſed Circle : Ts to 100 (the 

Viz. 4 Diameter of the Tabular Circle) :: So the Height of any 
Segment of the propoſed Circle: To a Verſed Sine in the Table, 


Then if che Tabular Segment, which ſtands againſt that Verſed 
Sine, be Multiplied into the Circle's Area ( either in Inches or 
Gallons) the Product will be the Area of the Segment required 
(of the ſame Name) viz. If the Circles Area be Inches, the Seg- 
ment will be Inches : If Gallons, the Segment will be Gallons. 


r OD oo 
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Example. Let the Diameter of the given Circle be DA =625 
Inches ; And the Height of the Segment mo | 
fought be FA = 20 Inches ; What 
will its Area be in Ale Gallons? 

Firſt, the Area of the whole Circle WES: 466 
will be 16 8793 Ale Gallons, . Per Pf. iews! 
Problem's, And the Proportion will 
ftand thus, 62,5 ; roo :: 10: 32 \ 
the Verſed Sine of the Table, whoſe 
Segment is 0,2759 


Then 10,8793 x 0,2759 = 3,0016 a (Gall, being the 
Area of the Segment BAG F, as was The like may 
be done for Mine Gallons, Cort Gallons, Ir 3 

And upon Occaſion, the like Segments of any Ellipſis may be 
eaſily found. See the Proportions it the Corollaries ro the 7th 


and 8th Theorems Page 406 Sc. to which T here for Brevity's 
ſake refer the Reader. i 


Section 3. To compute the Contents _ fuch Veſſels ( viz. Tuns, &c.) 
as are in the Form of the following Solids. 


| Note, Before the young Gauger proceed to theſe Compuriti, 

oris, he ſnould be well acquainted with ſuch Solids as are De- 
fin'd in Page 396 and 397. And then he will eaſily underſtand 
whar ſort of Figures are meant in the following Problems, with- 
out the Repetition of many Words, 


Problem 8. 


To find the Content of any Priſm, whoſe Sides " Parellelegramss 3 
what Form ſoe ver its Baſe # of. 


Thar is, To compure the Content (in Gallons) of any Tun, &c. 
whoſe Sides are Parallelograms which ſtand Upright,” or at Right 
Angles with 1ts Bottom. 

Firſt find its Solid Content in Inches by Theorem 9. Page 408; 
Then Divide that Content by 282. Or 231. Or by 268,8 the 
Quorient will ſhew rhe Content in their reſpective Gallons, vg. 
in Ale, Wine, or Corn Gallons,” | |, 

Or elle Multiply the Content in Inches with , 03 546 
Or ©,004329 Oc. (See the Multiplicators Page 429.) tholc 
Produtts will be the Content in their reſpective ( Gallons. 


Or otherwiſe thus. 
Find the true Area of the Tun's Baſe or Bottom, as directed i 
Section 1. Page 429. That Arens being Multi te © with the 
t 


Tun's Height (viz. Depth within) will Produce e Content 
. As before. 5 tak 
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I rake the Work of this Problem to be ſo very Eaiſie i it need; 
no Example. 


— — 


Pꝛoblem 9. 


To find the Content of any Pyramid (in Gallons ) whoſe Baſe & 
bounded with N ghe Lines, 


Every Pyramids One Third Part of its Circumſeribing Priſim, 
per Theorem 10. Page 409, Therefore 
If rhe Area of the Bafe of any Pyramid in Gallons, be Multi- 
lied into One Third of its Perpendicular Height ; Or if One 
bird of that Area be Multiplied with the whole Hei ght, either 
of thoſe Products will be the Content of the Pyramid in 


_ Gallons, &c. 


Bur the Content of any Square grand may be eaſily found 
in Gallons by this Rule. 
| Square the Side of its Baſe; and Multiply that Square 
with the Perpendicular Hei gbr; Then Divide that Product 
Rule <Iby 846 = 282 x 3 for Ale Gallons ; Or by 693 =231 x3 
A for M Gallons ; Or by $06,4 = 268,8 x 3 for Corn Gal- 
lons ; The Quotient will be the Content required. 


Or if you Multiply the ſaid Product with 0,001182 for A. G. 


or with 0,001443 for V. G. or Laſtly with o, oo 1241 for. C. . 
the Reſult will be the Content required. As before. 
Pꝛoblem 10. 


To find the Content (in Gallons) of che Fruſtum of any Square 
Pyramid, cut off by a Plain Parallel to its Baſe. 


Firſt, either by Theorem 15, Page 413. Or Theorem 16 Page 
414. find the propoſed Fruſtum's Solidity in Cubich Inches. Then 


Divide that Content in Cubic Inches by 282. Or 231. Sc. and 


the Quotient will be rhe Content of the Fruſtum in their reſpe- 
ctive Gallons: 

Bur from the aforeſaid Theorem 1 5. there may be eaſily dedu- 
ced the following General Rule, for finding the Content of the 
like Fruſtum of any Pyramid, what Form ſoever its Baſes are 
of (ſuppo/i ing them to be Parallel) whether they are alike or 


unlike. 

| . F Firſt find the Area of each Baſe (viz the Top and Bottom 
Area's of the propoſed Fruſtum ) Then find a Geometri- 
ne 2 cal Mean between thoſe Two Area's, (per Lemma 1, 
lo ? Page 77.) the Sum of thoſe Two Are? s, and their Mean. 
being Multiplied into One Third of the Fr tun s Height, 

vil 28 the Content requifed, 
Example 


2 
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Example. Suppoſe a Tun in the Form of the Lower Fruſtum 
of a Pyramid, whaſe Baſes are Equilateral Triangles, Let the 
Side of the Top be 42 Inches ; the Side of the Bottom be 63,4 
Inches; And its Height ( viz. Depth) be 33 Inches ; What will 
the Content of thar Tun be in Ale Gallons ? | 
Firſt find the Area of each Baſe in Inches; per Problem 7. 
Pege 337. then find what thoſe Area's are in Ale Gallons ; per 
Problem 3. Page 430. Multiply thoſe Two Area's together; the 
Square Root of their Product will be the Mean Area, &c. As in 
this Example. 
The Area of the Top is 2,7 
Example. 4 The Area of the Bottom is 6,1 5 Ale Gallons. 
The Mean Area will be 4,079 


Their Sum is 12,90 | 
Then 12,9 K , 2 141,9. Or 32 x 33 =141,9 the Con- 
nr P2oblem 11. 
To find the Content of any Right Cylinder in Gallons. 


That is, To compute the Content of any Round Tun, &c. 
whole Diameters at Top and Bottom are Equal, and at Right 


Angles with its Sides. 5 
Phe Content of ſuch a Tur may be found per Theorem 11. 


Page 409. Or otherwiſe by the following Rule 


Multiply the Square of the Diameter into the Height ; 

Rul and Divide the Product by 359,05 (Or Multiply with 

ume , 02785) &c. As in Page 433. that Quotient ( Or 
Product) will be the Content required. 


Exam. Suppole the Diameter be 42,5 and the Height 31,5 Inches, 
Firft 42,5 x 42,5 = 1806, 25. And 1806, 25 x 31,5 =56896,875 
Then 359,05) 56896,875 (158,46 the Content in A. Gal. &c. 


P;oblem 12. 
To find the Content of any Cone or Round Pyramid in Gallons. 


| Becauſe every Cone is One Third of its Circumſcribing Cylin- 
der, See Theorem 13. Page 410. Therefore irs Content may be 
truly found by the following Rule. DOR TOY 
Multiply the Square of the Diameter of its Baſe, into 
the Pependicular Height; then Divide their Product 
Rule by 1077,15 = 359,95 X 3 for Ale Gallons; Or by 
| 882,36 = 294,12 x 3 for Mine Gallons, &c, and the 
Quotient will be the Content rejuired. „ 


Or 


—— „ TO CP EEIIRy * * * bt. wie 20 . 
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Or it the ſaid Produ be Multiptied wit o, oo 95 = 4 
or with o, 001133 = == thoſe Products will be the Con? 
tent in their reſpective Gallons. 


Example. Suppoſe the Diameter of the Baſe be 42,5. and the 
Perpendicular Height be 31,5 Inches; What will the Content be 
in Ale Gallons ? Ht ie ( As before. 
Firſt 42,5 x 42,5 = 1806, 25. And 1806,25 x 31,5 = 356896, 875 
Then 1077,15) 56896,875 (52,82. Or 56896,25 x 0,0c0923 
= 52, 82 the Content in Ale Gallons, And fo on for Mine or 
Corn Gallons. 


| Moblem 13: 
To find the Content of the Lower Fruſtum of any Cone, in Gallons 


That is, To compute the Content of any Round Tun, &c. 
whole Diameters at Top and Bottom are Parallel, but Unequal. 

The Content of ſuch a Tun may be found by the Rule at 
Problem 10. but from Theorem 16. Page 414. it will be Eaſie to 
deduce this following Rule. 


To the Triple Product of the Top and Bottom Diametsrs, 

Add the Square of their Difference; Multiply that Sum 

Bule Sinto the Height (or Depth) then Divide the Laſt Product 

by 1077,15 for Ale Gallons, Or by 882.36 for Wine 
Gallons; the Quotientwill be the Content required, 


Example. Suppoſe the Diameter at the Top be 52,4 Inches; 
the Diameter at the Bottom 44, 6; and the Height 30 Inches, 
iſt 52,4 x 44,6 2 2337,04. And 2337, 43 37,1 * Add 
Alſo 52, 4 - 44, 6 7,8 And 7,8 x 7,8 = 60, 841 


— ͤiw— tv —— 


kh The Height 30 x 7071,96=212158,8 

hen 1077,15) 212158,80 (196,96 ; 

Or 212158,8 Xx 0,000928 = 196,96 the Content in A, Gal. 
And ſo on for either Vine or Corn Gallons as Occaſion requires 

Bur if the Tun (or Veſſel) be not truly Circular; That is, if 

either irs Top or Bottom ( or both of them ) be Elliptical , whe- 

ther they are alike or unlike it matters not, the Content of ſuch 
a Tun may be truly found by the General Rulc at Problem 10. 


Pꝛoblem 14. 


The Axis or Diameter of any Sphere or Globe being given ( in 
Inches) To find its Content in Gallons. 


Every Sphere is Two Thirds of its Circumſeribing Cylinder, per 
Theor, 18. Page 417, from whence and Theorem 20. Page 420. it is 
| F I P pro 


-—— * 
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proved, that if the Cube of the Ax of any Sphere (taken in 
Inches) be Multiplied into o, 53236. the Product will be the Con- 
tent of the Sphere in Cubick Inches, Conſequently, if that 
Content be Divided by 282. Or by 231 Sc. the Quotient will 


be the Content in Gallons. ä 
Bur thoſe Two Works of Multiplying with o, 5236. and then 


Dividing by 282. Or by 231 Cc. may be contracted into One. 
Thus 282) 0,5236 (0,001856 will be a Multiplica, for 4. G. 
And 231) , 5236 (0,002266 will be a Multiplica. for V. G. 
Or 0,5236) 282 ( 538,57 will be a Diviſor for Ale Gal. 
And o, 5236) 231 ( 441,17 will be a Diviſor for Wine Gal. 
From hence ariſes this following Rule. 

If The Cube of the Axis of any Sphere, be Divided by 
538,57 (or Multiplyed with 0,001856) Or Divided 
Bule J 441,17. (Or elle Multiplyed with 0,002266 ) the 
Quotient ( or Product) will be the Sphere's Content in 

their reſpective Gallons. | 


F 

4 
Example. Suppoſe the Axt or Diameter of a Sphere or Globe ? 
be 22 Inches ; How many Ale Gallons may it hold? a 
ti 

Fr 

1 


Then 22x 22X 22 2 10648. And 538,57) 10648 (19,76 4.G, 
Or 10648 x 0,001856 = 19,76 4. Gal. the Content required. 


And ſo for either Mine, or Corn Gallons, if Occafion require. ( 
Pzoblem 15. ow 
To find the Content of any Segment of a Sphere, in Gallons, w; 


In the Scholium Page 418. there are Two Theorems for Reſol- rhe 
ving of this Problem, according to the Daa. N 
1. If the Diameter of the Segments Baſe, and its Height are at 
given; the Content may be found by the firſt of thoſe Theo- 0 

rems ; which gives this Rule. | 3 
Jo the Triple Square of Half the Diameter, Add the are 
3; quare of the Height; Then Multiply that Sum into the I} Are. 
Height, and Divide the Product by 538,57 for A. G. dent 
Or by 441,17 for W. G. &c. As above. Plas 

2. Bur if the Ax of the Sphere, and the Height of the Seg- and 
ment are given; the Content may be found by the Second of be 2 
thoſe Theorems, | | 5 
From the Triple Product of the Axis into the Height, Sub N ded te 
Alle 2. y ſtract Twice the Square of the Height ; Then Multiply and ſ. 


Bule 1 


the Remainder into the Height, and Divide that Pro- be fo 
duct by 538,57 &. As in the Laſt Problem. ads Amon 
ads Coreg Aber 


- 
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Either of theſe Rules will produce the Content of the Seg- 
ment in Gallons. | | | 1 ee 

Example. Suppoſe the Diameter of tlie Segments Baſe be 48 


Inches, and its Height be 8 Inches; What may it contain in 


Ale Gallons ? | „ Et | 

Firſt 2) 28 (14. Then (pet Rule 1.) 14 * 14 X 3 = 588. 
And 6x 2 36. Next 588 ＋ 36 3 624. Again 624 x 623744. 
Laſtly 538,57 ) 3744 (6, 95 the Content required. 


Note, Thi Problem may be of Uſe in Gauging the Crowns of 
Brewer's Coppers, &c. 


Section 4. The Praftical Method of Gauging any fx d Tun, Or 
Copper; and mary a Table to ſhew what it will hold at every 


Inch deep, uſually called Inching of a Tun, &c. 


Firſt you muſt know, that moſt ( if not al) Brewer's Tuns 
are ſo fix'd, as to Lean a little for Conveniency of Clean/inp their 
Drink, which is uſually called the Drip or Fal of the Tun. 
Now this Drip or Fall of any Tun, is the Hoof of ſuch a Solid 
as that Tun is ſuppoſed to repreſent. ; and under that Conſidera- 
tion, it may be found as in Theorem 16. Page 414. Bur the Pra- 
ical (and indeed the beſt) Way, is to Meaſure into the Tun 
(wen it 3 Dry) ſo much Liquor as will juſt cover irs Bottom ; 
for by that Means you do nor only find the true Fal, bur alſo a 
true Horizontal or Level Plain over the Bottom of the Tun; from 
which, if the Depth of the Iun (viz, the neareſt Diſtance from 
the Top of the Tun to the Surface of the Liquor) be {et off upon 
every one of its Sides, you will then have a true Parallel Plain 
at the Top of the Tun, to that of the Liquor. A 25 

Then if the Sides of the Tun are Straight from the Top to the 
Bottom, take as many Dimenſions in the aforeſaid Two Plains, as 
are needful to find the true Area of each; And by thoſe Two 
Area's, and the aforeſaid Depth, find ſo much of the Tun's Cons 
rent (per General Rule at Problem 10.) as is betwixt thoſe Two 
Plains. 25 ; | 

Next ro Inch that Tun; Dividethe Difference berween the Top 
and Bottom Area's by the aforeſaid Depth, and the Quotient will 
be an Addend or fix d Number, which being Added to the Leſſer 
Area, the Sum will be the Area of the next Iuch, and being Ad- 
ded to that Area, their Sum will be the Area of the Third Inch 
and fo on from Inch to Inch, until the Area of every ſingle Inch 


LI the 


be found; the Sum of thoſe Area's (if the Work be true) will 4 
Amount (er be Equal) to the Content found, as above. gAnd if * 


mi. 
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the Tun's Drip or Fall be Added to the Sum of all thoſe Area's, 
that Sum will be the Whole or full Content of that Tun. 

Now from hence it muſt needs be eaſie ro conceive, that if 
1. 2. 3. or any Number of thoſe Area's accounted from the 
Bottom, be Added to the Fall, that Sum will ſhew the Quantity 
of Liquor or Drink that is in the Tun, to ſuch a Number of Met 
Inches from the Bottom, as there were Areas Added together. 

Or if the Sum of any Number of thoſe Area's ( being account- 
ed from the Top) be Subſtrated from the Tun's whole Content, 
the Remainder will ſhew what Quantity of Liquor or Drink is in 
the Tun, when there is ſuch a Number of Dry Inches from the 
Top as there were Area's SubſtraQed, 

This being well conſidered, it will be Eaſie to make a Table, 
either to every Wer, or Dry Inch of any Regular Tun ( viz. 
whoſe Sides are Straight from Top to Bottom) what Form ſoever 
its 8 are of; and whether it ſtand upon the Greater or Leſſer 
Baſe. 

But if the Sides of the Tun are Irregular ( viz. not Straightfrom 
3ts Top to the Bottom) Then the beſt and eaſieſt Way will be ro 
Divide or Part the Tun into ſeveral Fruſtums, each of 10 Inches 
deep, and finding the Content of every ſingle Fruſtum, by taking 
the Diameters in the Middle of every one of thoſe 10 Inches ; 
( That x, the firſt Diameters at 5 Inches from the Top ; the ſecond 
Diameters at 15 Inches from the Top, &c.) and Multiplying their 
reſpective Area's with 10 (which ; done by only removing the ſe- 
parating Comma's one Place forward to the Right Hand ) If the 
Sum of all thoſe Fruſtums be Added to the Fall (as hefore) that 
Sum will be the whole Content of the Tun, 

Note, If you take the Height of the aforeſaid 10 Inch Fruſtums 
in the Side of the Tun, you muſt allow for the Difference between 
the Slant Height, and the Perpendicular Height in every Fruſtum. 

Laſtly, If from the whole Content of rhe Tun, you Subſtraft 
the Mean Area of the firſt Fruſtum Ten times; And from the 
Remainder Sulſtratt the Mean Area of the ſecond Fruſtum Ten 
times ; And from the Laſt Remainder Subſtratt the Mean Area 
of the Third Fruſtum, &c. until there Remain nothing bur the Fall 
or Hoof of the Tun; you will then by that Means have a Table, 
that will ſhew what Quantity of Drink is in the Tun, to any Num- 
ber of Dry Inches. ; 

And this is alſo the Method of Gauging and Inching of Brew- 
er's Copper, viz. by firſt Meaſuring into the Cepper ſo much Li- 
quer as will puſt cover its Crown; then Dividing its Perpendicular 
Heizbt into Fruſtums, and its Sides into four Equal Parts, that ſo 


Croſs Diameters may be taken in the Middle of each has 
ut 


fo 


in 


3. 
Uſe) 
the T 
frac 
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Bur if the Copper be much 7/7der at the Top than at the Bottom, 
and irs Sides Spheroidal or Arching, as generally all Large Cop- 
pers are; Then inſtead of raking thoſe Mean Diameters in the 
Middle of every Ten Inches, as above; you muſt take them in 
the Middle of every Six Inches; And proceed on as before. 
Now the Quantity of Liquor that would cover the Crown of 
the Copper, may be found without Meaſuring it as above: In 
order to that I do ſuppoſe the Crown to be the Segment of a 
Sphere, and the Lower * of the Copper wherein the Crown 
Riſeth, to be the Fruſtum of a Parabolic Conoid: Then if the 
Diameter at the Top of the Crown, and its Perpendicular Height 
are given, the Quantity of Liquor may be found by this follow - 
ing Rule. | 
From the Area of the Plain at the Top of the Crown, 
Subſtrat 1% of the Area of the Crown's Height; the Re- 
Aule Amainder being Multiplied into Half the Height of the 
Crown, will produce the Quantity or Number of Gallons 
that will cover the Crown, 


This Rule is deduced from Scholium Page 418, and Theorem 15. 
Page 424. ä 
Section 5. To compute the Content of any Cloſe Cask, in Gallons ; 
| viz, of any Butt, Pipe, Hogſhead, Barrel, &c. 


In order to perform this difficult Part of Gauging ; the Three 
following Dimenſions of the propoſed Cas mult be truly taken 
in Inches, and Decimal Parts of an Inch, 


1 The Bouldge or Bung Diameter, within the Cask. 
Viz. 3 


Either of the Head Diameters, ſuppoſing them both Equal. 
And the Length of the Cask within. | 


Note, In taking theſe Dimenſions, it muſt be Carefully obſerved : 


1. That the Bung-hole be in the Middle of the Cask; Alſo, that 
the Bung-ſtaff, and the Staff over againſt the Bung- hole, are both 
Regular or Even within, 


fo, the Diſtance between the Inſide of the Chine, to the Outſide of 
its oppoſite Staff, will be the Head Diameter within the Cask, very 
near. 


3. Witha ſliding Pair of Calipers (made on purpoſe for that 
Uſe) take the ſhorteſt Diſtance or Length between the Out-ſides of 


Je Two Heads (ſuppoſing them even ;) from that Length Sub- 


zur /frat 13 Inch (More or Leſs, according to the Largeneſs of 
LII 2 the 


2. That the Heads of the Cask are Equal and truly Circular ; if 


444 Of Pzactical Gauging. 


the Cask ) for the Thickneſs of the Head Y The Remainder will be 
the Length of the Cas within, g 


Now by theſe Dimenſions, one would ſuppoſe the Content of 
the Cask were perfectly Limited; But it will be Eaſie to per- 
ceive by the following Figure, that the Diameters ( aboveſaid) 
and the Length of one Cat, may be Equal to thoſe of another; 
and yer one of rhoſe Casks may contain or hold ſeveral Gallons 
more than the other. 

As tor Inſtance, Suppoſe the Annexed Figure ABC DGF, to 
repreſenta Cas; Then ir is plain, tat 8 
if the Outward Curved Lines ABC, 
and FG D are the Bounds or Staves 
of the Cask; it muſt needs hold more 
than if the Inner Straight or prick'd 
Lines were its Bounds or Staves ; And 
yet the Bung Diameter BG, Head Di- 
ameters CD and AF, And the Length 
LH are the ſame in both thoſe Casks, 

W hence ix plainly appears, that no one Certain or General 
Rule can be preſcribed, to find the true Content of all ſorts of 
Casks ; And therefore Gaugers do uſually ſuppoſe every Cas to 
be in the Form of ſome one of theſe following A 


5 I. The Middle Zone or Fruſtum of a Spheroid. 
12. 


v. II. The Middle Zone or Fruſtum of a Parabolic Spindle; 
: III. The Lower Fruſtums of Two Equal Parabolick Conoids, 
IV. The Lower Fruſtums of Two Equal Cones. 


Now the Way of Gueſſing at the Cask's Form, and computing 
irs Content according to that ſuppoſed Form ; I ſhall here ſhew in 
their Order. | X | 4 * 


I. If the Staves of the Cask are very Curved or Arching ( as 
the outward Lines of the Laſt Figure) Then the Cask is ſuppoſed 
to be in the Form of the Middle Zone or Fruſtum of a Spheroid ; 
whoſe Content may be computed, per Theorem 22. Page 421. 
which gives theſe TwW Oo Rules. | 
o Twice the Square of the Bung Diameter, Add the 
Square of the Head. Diameter ; Multiply that Sum into 
<the Length, and Divide the Product by 1077,15. 

Viz. 3,8197 x 282 for Ale Gallons; and by 882, 36. 
CViz. 2,8197 x 231 for Wine Gallons, Or this, 


Rule 
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— C To Twice the Area of the Bung Circle, Add the Area 
Rule 2 ' ) of the Head Circle; Multiply their Sum into one Third 


of the Length, and the Product will be the Content in 
their reſpective Gallons, * 


Example 1, Suppoſe a Cask in the Form of the Middle one 
of a Spheroid, whoſe Bung Diameter is 31,5 Head Diame- 
ter 24,5 And its Length 42 Inches, | 
Firſt 31,5x31,5 x2 =1984,5 And 24,5 Xx 24,5 = 600,25 
Again 1984,5 + 600,25 =2584,75.And 2584,75xX42=108559,5 
Then 1077,15) 108559,5 (100,78 the Content in Ale Gallons. 

And 882,35) 108559,5 (123,03 the Content in N. Gallons, 


Or thus by the Second Rule. 


Bung Diameter 31,5 Twice its Circle's Area is 5,5270 

Head Diameter 24,5 its Circles Area is 1,6718 

The Length 42 Divided by 3. is 14. 7,1988 their Sum. 
Then 7,1988 x 14 2 100,78 the Content in A. Gallons. As before. 
And fo the Content in Nine Gallons may be found, 


II. If the Saves of the Cask are not quite ſo much Curved or 
Arching as was ſuppoſed before; the Cask is then taken for the 
Middle Fruſtum of a Parabolick Spindle ; And its Content is com- 
pured, as per Theorem 27, Page 426. which gives this Rule. 


To Twice the Square of the Bung Diameter ; Add the 
Square of the Head Diameter ; from their Difference, Sub- 

Bule ract Four Tenths of the Square of the Difference of the 
Diameters ; Multiply the Remainder into the Length, and 
Divide the Product by 1077,15 &c. As above. 


Example 2. Suppoſe the Dimenſions the ſame as before. Then 
31,5 * 31,5X2: + 24,5 X 24,5 = 2384,75. And 31,5—-24,5=7 
Again 7X 7 x 0,4=19,6, And 2584,75 19,6: X42 107736, 3 
Then 1077,15) 107736,3 (too, oi the Cone. in A. G. Gc. for. G. 


III. When the Staves of the Cask are but very little Curved or 
Arehing , Then it's ſuppoſed to be in the Form of the Fruſtums 
of Two Equal Parabolick Conoids, abutting or joynzr;2 together 
upon one common Baſe at the Bouldge ; and the Content may be 
found per Theorem 25. Page 424. Which gives cheſe Rules. 


Rule 


— 
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To the Square of the Bung Diameter, Add the Square 

of the Head Diameter; Multiply their Sum into the 
Bule 1. <Length, and Divide the Product by 718,08 

( viz. 2,5464 x 282) for Ale Gallons; Or by 588,22 

(viz. 2,5464 x 231 ) for Wine Gallons. Or thus, 


To the Area of the Bung Circle, Add the Area of the 
Rule 2. 4 


Head Circle ; Multiply the Sum into Half the Length, 
and the Produtt will be the Content required, 


Example 3. with the ſame Dimenſions as before; Then 


31,5 * 31,5: 24, 5 X 24,5 =1592,5 And 1592,5 X 42 = 66885 
And 718,08) 66885 (93, of the Content in Ale Gallons. 
Or 598,22) 66885 (113,7 the Content in Nine Gallons: 


IV: If the Staves of the Cask are Straight from the Bouldge 
to the Head, as the Inner prick'd Lines in the Laſt Figure; (if 
ſuch a Cask can be made) it is then taken for the Lower Fruſtums 
of Two Equal Cones, abutting or joyning together upon one com- 
mon Baſe at the Bouldge. And its Content may be computed as 
at Problem 13. Page 439. Or per Theorem 15. Page 413. Thus, 


To the Sum of the Squares of the Head and Bung Diame- 
ters, Add their Product; then Multiply that Sum into the 

Bule Length, and Divide the Laſt Product by 1077,15, Or 
by 882,36. The Quotient will be the Content, &c. 


Example 4. With the ſame Dimenſions as before. 


Firſt 31,5 X 31,5: -þ 24,5 X 24,5 * 4 31,5 X 24,5 = 2364,25 


And 2364,25 * 42 = 99298,5 Then 1077,15) 99298,5 (92,18 
the Content in Ale Gallons, And ſo on for Wine Gallons. 


Thus you have the Methods of computing the true Contents of 
the four Solzds, in whole Forms all Casks 
Ale Gallons, 


are ſuppoſed ro be. And by the Exam- I c | Differ. 
Ples it appears, that Four ſuch Cas as have JI 20,70] 0,77 
rkeir Dimenſions all Equal, and the ſame x. TORN 7,00 


: III. 93,01 
with thoſe above mentioned, their Contents . 4 0,83 


will be as in the Margin. 

From the Diſproportion or Inequality of theſe Differences, it 
will be Eaſie to Conceive, That there may be ſeveral Casks whoſe 
Contents cannot be truly found, according to the aforeſaid ſuppo- 
ſed Forms : And therefore, in order to Rectiß the ſaid Inequalities, 
ſome Authors (that have written u;on this Subject) have laid 
down Theorems of their own Invention ( and yet called them by 


theſe 


r 
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theſe Names) Others have propoſed Tables for the ſame Purpole : 
Bur ſince iris ſo, that we can only Gueſs at the Truth, the Plain- 
eſt and Eaſieſt way is to be preferr d in Practice And that is, 
by finding ſuch a Mean Diameter as will Reduce the propoſed 
Cask to a Cylinder, | 
Multiply the Difference between the Head and Bung Dia- 
meters with o,7. Or with 0,65 Or with 0,6 Or with 0,55 


Thus 4 according as the Staves of the Cask are More or Leſs Arching z 
| Add the Product to the Head Diameter, and the Sum will 


be the Mean Diameter required. Then find the Content as 
at Prob, 11. Page 438. 


Example, With the ſame Dimenſions as before. Then the 
Bung Diameter Leſs the Head Diam. is 31,5 — 24,5 =7. And 


M. D. A. G. Cont. Dif. 
7X0,7 =29,4 its Area 2,4073X42 =101,10|, 39 
7X 0,65 =29,05 2,3504 Xx 42 = 98,71 |_* 
24,5 + "6 2,36 
7 x 0,6 = 28,7 2,2941 X42 = 96,3532 
7 X0,55=28,35 — 2,2385 x42 = 94,031” 


From theſe it may be obſerved, that the Difference between 
each Cark's Content is Regular, and very near Equal; which 
plainly ſhews, that there is not ſo much Room left of Error this 
way of Computing their Contents, as was by the aforeſaid Forms. 

Now the Firſt of theſe Four ( viz. with o,) is very common- 
ly uſed amongſt Gaugers for all Sorrs of Casks ; Bur I did never 
Gauge any Cask that would Contain quite ſo much as that Rule 
did make it: And the Reaſon doth appear very plain from Theo- 
rem 22. Pege 421. being compared with Theorem 19. Page 420. 
and the Laſt Figure. viz. that no Cask (being Regularly made) 
can hold More than the Middle Fruſtum of a Spheroid. But J al- 
ways found by Experience, that if the Second and Third of theſe 
Rules ( viz. with 0,65 and 0,6) were duly Applied, they would 
anſwer very near the Truth amongſt the common ſort of Casks ; 
And the Fourth Rule ( viz, with 0,55 ) will come pretry near the 
Truth in computing the Contents of Casks whoſe Staves are 
almoſt Straight betwixt the Head and the Bung. vix, ſuch as 
Nine Pipes, &c. 


Section 6. To find what Quantity of Liquor, 2; either Drawn forth, 
Or Remaining in, any Spheroidal Cask; Uſually called the Vllage 
of a Cash, Which hath Two Caſes. 


Caſe 1. To find what Quantity of Liquor ij in the Cas, when its 
Ax i Perpendicular to the Horizon ; viz. when it ſtands upr ig he 
upon one of its Heads, In 


— — — — — 
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In order to perform this the Eaſeſt Way, it will be Conveni- 
ent to know how ro Calculate the Area of any Circle berwixt 


the Bung and Head, whoſe Diſtance from the Bung or Middle of 
the Ca is given, Now that may be done by this Proportion. 


As the Square of Half the Length of the Cask : Is to the 
Difference between the Bung and Head Area's ©; So u the 
Square of any Circles Diſtance from the Bung : To the Dif- 
ference between the Bung Area and the Area of that Circle; 
Viz. the Area of the Liquor s Surface, | 


Viz. 


- Demonſtration. e 
| H= Half the Lengebof the Cask. F e 
| Ler = Half the Bung Diameter. : : 2 
| d = Half the Head Diameter. 5 


= the Diſtance of any Circle from 
And 5 


the Bung. 
4 = Haf the Diameter of that Circle. 


Then, according to the common Property of the Ellipfis; 
Page 362. it will be, 
BB: DD:: BB — HH: dd. And BB: DD:: BB — PP: 44. 
DDH H - DDPP 


5 Ig K 55—77 2 BB. | 


DDHH D- 44 
DD-Ad DDPP”. 
This Aquation being brought out of the Fradtions will 
become DDHH — aaHH = DDPP — dd PP. 
Which gives this Analogy HH: DD —dd :: PP: DD — 44. 
Then DD — 44 being Subſtraed from DD, will leave a4; 
Bur Circle's Area's are in Proportion to the Squares of their Dia- 
meters; per Theorem 6. Page 401. Therefore, Gc. Q. E. D. 
Then, from the Bung Area, Subſtract One Third Part of the 
aforeſaid Difference ; viz. between the Bung Area, and the Area 
of the Liquor's Surface; Multiply the Remainder with the Li- 
guor's Diſtance from the Bung, and the Product will ſhew what 


Quantity of Liquor is either above, or under Half the Content of 
the C&R 


Example. Let us ſuppoſe a Cat of the ſame Dimenſions witli 
that in the Firſt Example, Page 445: And let it be required 
ro find what Quantity of Liquor is in it, (ef Ale Meaſure ) when 
there is but 9 Inches Wet. Here Half the Length of the Cask 

N 0 85 | its 2t 


Ergo 


Confequently, 1 


— 
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Inches, whoſe Squares is 441 and the Liquor's Diſtance from 
the Bung is 21 — 9 = 12, its Square is 144. the Difference 
berween the Bung and Head Area's is 1,0917 (= 2,7635 — 
1,6718.) Then 441 : 1,0917 :: 144 : 0,3564. 
And 2,7635 — 0,3564 = 2,4071 the Area of the Liquor's 

ace, 
Again 3) 0,3564 (, 1188. And 2,7635 — 0,1188 = 2,6447 
Then 2,6447 x 12 = 31,7364 what the Cask wants of being 
Half full, Cats $0,39 — 31,73 = 18,66 will be the 
Quantity of Liquor in the Cask at 9 Inches Net, in Ale Gallons, 

And if the Cask had wanted but 9 Inches of being Ful; 
Then 50,39 -+ 341,73 = $2,12 would have been the Quantity 
of Liquor in the Cask, - | | 

Nore, Becauſe the Two Firſt Terms ( viz. 441. and 1,0917 ) 
in the Proportion, are fix'd, viz. continue the ſame for any Di- 
ſtance ; it will be very Eaſie to Calculate the Area's of all the Circles 
betwixt the Bung and Head to every Inch; And by that Means to 
make a Table that will ſhew what Quantity of Liquor, s either 
Drawn Out, or Remaining In the Cask at any Depth. 


Caſe 2. To find what Quantity of Liquor s in any Cask, when 
its Ax Parallel to the Horizon: viz, when it Lies along. 


There are Variety of Tables to be found in Books of Gauging 
for this Purpoſe : But I always obſerved, that the following Mc- 
thod of computing the Vllage by a Table of the Segments of a 
Circle, came very near the Truth in all Sorts of Casks, which is 
thus performed. 

1. By the Bung and Head Diameters, find ſuch a Mean Diames 
ter as you judge will Reduce the propoſed Ca- to a Cylinder ; by 
the Method Laid down in Page 447. and then find its full Con- 
tent, as in thoſe Examples, : 

2. From the Bung Diameter, Subſtrat the Mean Diameter; 
and Halve their Di macs. ( viz. Divide it by 2.) 

3. From the Vet Inches of the propoſed Ullaye, Subſtra# the 
faid Half Difference ; and call it x ; then obſerve this Proportior:; 


As the Mean Diameter : Is to 100 (the Diameter of 
Viz. 10 Tabular Circle) :: So the Laſt Difference (viz. x) 
To a Verſed Sine in the Table. ( Page 435.) 
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Example 1. Let the Cask be that of the Second Sort in 
Page 447. viz. whoſe Bung Diameter is 31, 3 Inches ; Mean Dia- 
meter 29,05; and Content 98,71 Ale Gallons; And ſuppoſe 


there were 10,5 Inches Wet in it; It is required to find the 
Wet and Dry Gallons? 


Here 31,5 - 29,05 g 2,45 its Halfis 1,22 And 10, 5 1,22 9,28 
Then 29,05 : 100 :: 9,28: 0,319 =V. Sine; Its Segm. is o, 2748 
And 98,71 x o, 2748 = 27,12 the Number of Wet Gallons. 
Again 31,5 - 10,5 221 the Dry Inches; And 21 1,22 19,78 
Then 29,05 : 100 :: 19,78 : 0,68 ; Its Segment is o, 7241 
And 98,71 x 7241 = 71,48 the Number of Dry Gallons. 


Proof 71,48 -|- 27,12 = 98,6 the Content of the Ca very 
near; which plainly ſhews the Truth of this Method: 


—_—_——_ 


Thus far may ſuffice concerning Gauging of Backs or Coolers, 
Tuns, Coppers and Casks, &c. To which I ſhall only Add; 
Thar, as the Contents of all Brewer's Utenſils are to be Computed 
by the Ale Gallon : So the Contents of all Diftiller's Utenſils, 
( viz, all their Waſh Backs, Stills, and Casks, &c.) muſt be 
Computed by the Wine Gallon, r | 

And in Gauging of Malt, (upen which there 5 now a Duty of 
four Shillings per Buſhel) you muſt Obſerve, That a Corn or 
Malt Buſhe! doth contain 21 50,42 Cubick Inches (See Page 36.) 
And therefore, in Gauging of Malt-Ciſterns, or other Veſſels, 
2150,42 will be a conſtant or fix d Diviſor for finding the Area's 
of all Right-lin d Figures in Buſhels, at one Inch Deep; and 2738 


will be a conſtant or fix d Diviſor, for finding the Area's of 
Circular Figures. 


I have Omitted the Buſineſs of Gauging Maſh-Tuns, and 
taking an Account of the Goods or Grains, in order to Eſtimate 
what Quantity of Worts were produced from them, Cc. becauſe 
I could never find (by all my Obſervations) any Certainty therein; 
nor is it poſſible there ſhould be any, by Reaſon of the Great 
Difference that is in Malt, (and its Grinding too ; ) for the Beſt 
Malt (well Ground) will yield or produe the Moſt Worts, and 


Leaſt Grains; on the contrary, Bad Malt (being ill Ground) 
yields the Leaft Horts, and Mo# Grains. 


Note, Whereas I ſeem wholly ro Explede the Uſe of Sliding 
Rules, in Page 427. 1 mean only Pecket Rules, viz. ſuch as are 
of Nine Inches or a Foot Long, whoſe Radius of the Double Line 
of Numbers is not Six Inches; And therefore the Graduations or 
Diviſions of thoſe Lines are ſo very Cloſe, that they cannot well 

| be 


3 
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be Diſtinguiſhed, Burt when the Rules are made Two, or Three 
Foot Long (I had One of Six Foot) then they may be of ſome 
Uſe, eſpecially in Small Numbers; altho' even Then, the Opera- 
tions may be much better done by the Pen; for indeed the Chief 
Uſe of Sliding Rules, is in taking of Dimenſions ; and for chat 
Te they are very Convenient. 

ut here I muſt not omir to Recommend a Five Foot Rule, 
Compoſed of Six Parts or Legs ( viz. Ten Inches each Part) with 
Braſs Foynts, put together with Steel Screws (which I Contrived 
and Made many Tears ago) the Laſt Leg ( viz. one of the Extream 
Legs) having a S/iding Part put to it, and the Whole, Decimally 
Divided into Inches, &c, to which ler there be adjoyned only 
Two Lines of Circles Area's ; viz. one for Ale Gallons, and ano- 
ther for Wine Gallons, placed on each Side of the Line of Inches. 
Such a Rule is not only very Uſeful for taking of any Dimenſi- 
ons between Ten Inches and Sixty; but, you have by the afore- 
ſaid Lines, the Area of any Circle ( wheſe Diameter x given in 
Inches, &c.) more Ready than by the Table of Area's (which 
are uſually cramb'd in every Book of Gauging.) And nor only ſo, 
but you may allo take the Area of any Circie, inſtead of taking 
its Diameter in Inches; Which I always found very Uſeful! and 
Ready in Practice, both in Gauging of Norts in Open Veſſels ot 
Tubs, &c. and in Gueging of Casks ; all which the Pra@tzc.,? 
Gaugtr will ſoon perceive ; ro whom I wiſh Good Succeſz, 


FINIS. 


— 2 
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ADVERTISEMENT. 


T HE aboveſaid Rules, and all Sorts of Mathematical Inſtra- 
ments, are very Accurately made by Mr. Fehn Rowley, 
( mention'd before in Page 369) at the Sigu of the Globe under 
St. Dunſtan's Church in Fleet-Street, Lendon; Where Surveyors of 
Land, &c. may be furniſhed with a New Sort of a Procractor, by 
which any Right-lin'd Angle may be Projected or Afually laid 
down to a Minute; the Making whereot I Invented, and Com- 
municated to the ſaid Mr, Rowley only. 
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